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EXECUTIVE SUMMARY

INTRODUCTION

The present research supported the Advanced Combat Rifle (ACR) field
test by providing estimates of aiming error and hit probability for single
round and burst modes of fire as a function of target exposure time, number of
targets presented, and target range. This project also supported the ACR
program by evaluating competition as a methodology for producing a known level
of stress in soldiers while measuring their performance of combat-relevant
tasks. The procedure fcr stressing soldiers employed the psychological
stresses of competition, threats to self-esteem, peer pressure, team
interdependency, and pursuit of awards and public recognition, while
manipulating the task-related variables of target range, target number, and
target exposure time.

In addition, the Human Engineering Laboratory (HEL) stress program was
advanced by these data. The fundamental goals of this program include
developing standard procedures for soldier and equipment performance testing,
as well as obtaining extensive physiological and psychological response data
in a number of studies investigating different kinds and intensities of
stressful situations. The physiological and psychological data from the
present field study helped to determine (a) whether the soldiers involved in
competitive marksmanship exhibited typical stress responses, (b) the level and
intensity of their stress experience, and (c) how the level of stress related
to their marksmanship performance.

METHOD

The subjects in this field erxperiment were 60 volunteer infantrymen from
the 82nd Airborne Division and the 101st Airborne Division (Air Assault).
During the 2 competition weeks, 10 soldiers from each division participated in
the experiment: during the control week, 20 soldiers from one division served
as subjects.

The subjects fired M855 ball ammunition from M16A2 rifles which had been
equipped with the Crane Naval Weapons Support Center (NWSC) No. 1 muzzle
devices to control burst dispersion. These dasvices provide the best muzzle
control of any devices tested which still permitted the required sustained
rate of fire. The firing was conducted at HEL's M range. The stress created
by competition was assessed by comparing the psychological and physiological
responses of the soldiers firing competitively with the responses cf soldiers
firing during noncompetitive, control conditions, and with the responses
obtained from subjects in other stress protocols. Psychological reactions
were measured by a battery of commercially available instruments and by an
instrument developed y HECl: for its stress program. Physiological reactions
were determined by messuirfag several stress-reactive hormones in multiple
blood samples ard by monitoring heart rate during the interval surrounding
record fire.

The first and third weeks were competition weeks during which groups
from each unit competed for a plaque and other recognition, while the second
week was a control week during which no compatition occurred. Tuesdays were
occupied with surveys, zeroing of weapons, and familiarization firing. On
Wednesdays, baseline blood samples and stress survey respcnses were obtained,
and additional tamiliarization firing was conducted. On Thursdays, the record
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firing scenarios were presented to the subjects, and the record firing hormone
samples and stress surveys were taken. £ach subject fired two different
randomly selected target scenarics on the record-fire days, one in
semiautomatic mode and one in three-round burst mode. Eacih scenario consisted
of 36 target presentation events. Each event presented one, two, or three
targets for 1.5, 3, or 5 seconds at 50, 100, 200, or 300 meters. The subjects
were told to try to hit as many targets as possible, and they were instructed
not to worry about ammunition expenditure, The scenarios were stopped when
necessary to allow magazine changes.

RESULTS AND DISCUSSICN

The Army Materiel Systems Analysis Agency (AMSAA) has shown that
approximately an 8-mil extreme spread for a three-round burst is optimal for
an aiming error function which has been accepted by the analytical community
as representative of combat stress. The aiming error function represents the
aiming performance of the worst third of various small arms field expe_ iments.
Aiming error is a negative exponential function of range whose values vary
from a high of a 12-mil standard deviat’on at 25 meters to a low of 2 mils at
600 meters. Note that the burst dispersion of the M16A2 is 22 mils, and tne
M16A2 equipped with NWSC No. 1 muzzle device achieves 16 mils. AMSAA's
predictions showed that little improvement could be expected from a system
with a 16-mil extreme spread except at close range. The only significant
improvement in targets hit found in this experiment was at 50 meters,
confirming this prediction.

ACR concepts are expected to be an improvement ir comparison to the
M16A2, based on two assumptions: {1) During the stress of combat, aiming
errors will be large; and (2) firing multiple projectiles per trigger pull,
either serially or simultaneously, will increase hit probability beyond that
of firing a single round per trigger pull., The degree of improvement depends
on the aiming error associated with the trigger pull, the number of rounds
fired, and the size of their dispersion. The projected improvements of ACR
concepts in comparison to the M16A2 further assumesd that the aiming error,
although large, would be the same for semiautomatic and burst fire. This
experiment failed to achleve aiming errors as lirge as those described hy the
AMSAA worst third aiming error function. Further, the results showed that
aiming error associated with burst fire was larger than that associated with
semiautomatic fire.

T¢ detsrmine whether a significant level of stress was gonerated in the
study and to determine the relative degree of stress generated, batteries of
psychological and physiclogical measures, developed by reference to the stress
literature, were employed. Evaluations were made by reference to the
literature and by reference to results obtained in the stress studies using
these measures as a part of the HEL stress program.

Comparison of the Competition and Coatrol Groups indicated that the
Competition Group showad consistently and significantly greater stress-related
response changes in the endocrine measures as a function of firing during
competition than did the Control Group as a function of the same firing during
noncompetitive conditions. The endocrine data obtained for the Competition
and Control Groups 15 minutes after firing for record were also compared with
the endocrine data obtained at the same relative time point in stress
protocols from basic research contractual efforts at Northwestorn University.
This comparison revealed that the Competition Group had & response protfile
very similar to that obtained for medical students taking an important written




examination, which is a moderately stressful situation. The Control Group, on
the other hand, had a profile more characteristic of other, relatively non-
stressful ccntrol conditions.

The psychological data revealed response profiles for the Competition
and Control Groups that reinforce the conclusions reached, brsed on the
physioclogical data. Consistent with the interpretaticn that the Competition
Group wag under more stress than the Control Group, the Competition Group
rsubjects expressed significantly greater state anxiety than control subjects
both 15 minutes bafore and after firing on record-fire day, and they rated the

- firing as significantly more stressful than the control subjects did.
Additionally, the Competition Group subjects expressed greater hostility and
lower positive affect 15 minutes after firing. Both findings appear to
reflect greater dissatisfaction with personal performance during competitive
conditions.

The profiles of psychological data for the Competition and Control
Groups compared with profiles for the Northwestern stress studies yielded
results that were very much like those for the physiological data. The
anxiety expressed by the Competition Group appears most comparable to that of
the group of medical students taking a written exam. This finding parallels
the comparisons for the endocrinological data and supports the interpretation
that a moderate level of stress was experienced by the Competition Group.

Although this study was initiated with two primary and separate
objectives, namely, creating a method for generating stress in test situations
and evaluating modes of fire to be used in the ACR field test, analyses of
correlational relationships between the data obtained for these two purposes
vyielded interesting information. The marksmanship performance measures used
ware the numbers of targets hit in the semiautomatic and burst modes.

Two demographic measures were related to performance, measurec as
targets hit. The longer the soldiers reported being in the Army, the hcicer
they performed in the burst mode; the greater variety of weapons Ior which
they were currently qualified, the better their performance was in the
semiautomatic mode.

With regard to the hormone data, different relationships with
parformance existed depending on whether the subjects performed during
competitive conditions. For the Control Group, lower prolactin levels early
in the morning of baseline day and relatively higher prolactin levels early in
the morning of record-fire day were significantly correlated with better
performance. For the Competition Group, lower testosterone levels on baseline
day were significantly correlated with better performance in the burst mode,
and a relatively lower testosterone ievel early in the morning of record-fire
day was significantly correlated with better performance in the semiautomatic

- mode. Significant positive correlations were obtained for both groups betwsen
burst mode performance and change in testovsterone level from baseline to
record-fire day at the +15-minute time point. The correlations appear to be
attributable to better performance by those showing a smaller stress reacction.

Iwo personality measures were also related to targets hit. Lower scores
on both the Multiple Affect Adjective Checklist-Revised (MAACL-R) Depression
anC Hostility trait subscales were significantly correlated with better
performance on this measure. Howsver, none of the state stress-perception
measuces, which were given on baseline day or before firing on record-fire
day, were correlated with performance.
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Some of the psychological measures obtained after firing on record-fire
day did correlate with performance. Those Control Group subjects who reported
using mere avoidance behaviors in coping with the stress did not perform as
well as those who did not tend to use that coping mechanism.

Two post-firing MAACL-R state measures correlated significantly with
performance. Competition Group subjects who performed well reported higher
Sensation Seeking scores that reflect higher levels of excitation. Control
Group subjects who performed worse in the burst mode reported higher Hostility
scores that reflect higher levels of frustration.

This study demonstrated that competition can be used to generats stress
in subjects. The level of stress generated does not appear to have been
sufficiently intense to have adversely affected the performance of the
Competition Group relative to controls. Future applications of a method for
generating stress in systems evaluations will require a level of stress
comparable to combat-induced stress levels. Ressarch about methods of
generating a higher level of stress will have to continue. The results of
this study suggest that competition might serve as one component of a
methodology that might include either multiple stressors or acute and chronic
stressors.

CONCLUSIONS

This experiment (1) demonstrated that competition can be used to
reliably produce a moderate level of stress, although that level was
insufficient to degrade group level performance of the shooting task: (2)
showed that aim error was greater in burst mode than in semiautomatic mode;
(3) found that a relatively high burst dispersion coupled with a relatively
low aim error did not improve burst mode. 1In addition, this experiment (4)
failed to achieve aiming errors as large as those described by the AMSAA worst
third aiming error function.
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THE EFFECTS OF COMPETITION AND MODE OF FIRE ON PHYSIOLOGICAL RESPONSES,
PSYCHOLOGICAL STRESS REACTIONS, AND SHOOTING PERFORMANCE

CHAPTER 1

INTRODUCTION
(J. M. King, J. P. Torre, Jr., G. A. Hudgens)

A major function of human factors research organizations is to measure
the performance of soldiers as operators of equipment, to be concerned with
those aspects of equipment design that either contribute to ox detract from
operator-maintainer performance during operational conditions, and to suggest
ways to best combine these two factors. Thi- *hrust is at the heart of the
human factors domain of the Manpower anu > >..nnel Integration (MANPRINT)
Program (MANPRINT Manager's Course, 1986} ¥any data in this area are
presently collected during relatively Jenign but controlled laboratory
conditions, in uncontrolled field studies, in nonexperimental demonstrations,
and in & variety of developmental and operational tests. Many of these
studies are primarily tests of the equipment that do not manipulate the
variables, which would require the operators to perform during stressful
conditions. Nearly all of the soldier equipment that is developed is intended
to be operated by soldiers during the stress of combat.

STRESS

It would seam to be desirable to evaluate soldier-operator performance
during the most extreme conditions when the system is likely to operate. This
would be helpful in evaluating the performance of the system and in
determining its effectiveness in operations research studies. However, it is
neither ethically nor legally feasible to expose soldiers to real danger in
order to stress them in an experiment. Other alternatives must be sought.

In an attempt to mimic some of the effects of combat stress, it is first
necessary to define the elements of combat stress and to determine their
nature. At that point, one must decide which of these elements are amenable
to manipulation during controlled conditions. Field experiments are then
needed to validate the variables chosen. At this point, a set of standard
procedures for testing soldier-equipment performance during stressful
conditions could be developed. This is only one of the goals toward which
this experiment was directed.

One of the most stressful aspects of combat is the ever-present threat
to life and limb. Outside of war, however, data cannot be collected about
performance that is influenced by this particular stressor. Efforts to induce
individuals not involved in combat to believe that they are in imminent danger
to life and limb have been attemptecd (Berkun, Bialek, Kern, & Yagi, 1962;
Berkun, 1964). These studies were successful in meeting this goal, and the
subjects' performance was disrupted. Torre and Kramer (1966) showed that fire
from a BB machine gun, directed at the shooter, could stress that soldier,
even when he was heavily encumbered with protective gear. The procedures
employed to stress subjects in this case depended on the threat of discomfort
for their effectiveness, Some aspects of the combat situation, other than the
threat of discomfort or 4injury, appear to lend themselves to direct
experimental manipulatjon. These include (among others) peer and leader
pressure to perform well for the good of the unit as a whole, individual and
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collective readiness to meet the demands of the situation, the amount of
information available about the situation, the amount of physical or mental
effort required, task difficulty, and the degree of fatigue.

The present work is an attempt to extend past research to include
soldiers using individual equipment to accomplish military tasks when exposed
to a real but non-injurious psychological stressor--competition. Soldiers’
performance would also reflect on the unit, and would have consequences for
unit esprit de corps. Their self-esteem and sense of self worth would thus
seem to be at risk in such a situation, potentially adding to the perceived
stress levels. A body of scientific and anecdotal evidence suggests that
competition can be much more stressful than a subjective analysis of the
situation would lead one to predict. Anticipation of, performance in, and
denial of expected participation in 8 competition altered an index of adrenal
activity, heart rate, and respiratory rate in direct relationship to the
psychological demands of the competitive situation and to the relevant past
experiences of the subjects (Ulrich, 1957). In more recent studies, a
soldier-of-the-month competition has been found to elevate heart rate and to
raise blood levels of adrenocorticotropic hormone (ACTH), endorphin,
prelactin, and cortisol (Meyerhoff, Oleshansky, & Mougey, 1988). 1In addition,
a competitive peg board game elevated anxiety, heart rate, and blood pressure
in study test participsnts (Karteroliotis & Gill, 1987). Thus, competition
can introduce stress, variously measured, into a wide variety of situations.

Stress responses can be measured in several ways. Among the ways
available are the following: monitoring hormone levels in blood (Rose, 1980);
using surveys (Kerle & Bialek, 1958): gauging psychophysiological reactions
(Lader, 1975); and obtaining data about actual task performance (Berkun et
al., 1962). Each of these approaches has unique limitations. ©No single
hormonal measure will adequately assess stress (Mason, 1974; Rose, 1980).
Surveys depend on the honesty of the respondent, the accuracy of their recall,
and their willingness to share personal information (Bradburn, Rips, ¢
Shevell, 1987). 1Individual psychophysiological measures can also contradict
each other (Mason, 1971). 1In the case of task performance, the quality of the
action is related to the perceived stress level by a complex function, the
effect of which is generally to produce lower levels of performance at very
low and at very high stress levels and to produce higher levels of performance
at moderate stress levels (Hockey, 1986). Cverlaying all these concerns is
the problem of individual differences in response to stress.

Individual differences in perceptions of stress are also important here
(Mason, 1975), as are individual variations in personality traits and coping
strategy (Rose, 1980). Widely accepted research has demonstrated the
advantage of using multiple indices of stress to obtain an accurate assessment
of the stress level inherent in a situation. Mason (1974) and Fibiger and
Singer (1984) have shown that different stresses yield distinct physiological
response profiles, while Swenson and Vogel (1983) have found that the
intensity of the stressor can alter the response profile by changing the
duration of the response.

As noted above, research and theory indicate that patterns or profiles
of physiological and psychological stress responses vary according to the kind
and intensity of stress experienced (Mason, 1974). The picture emerging from
this research area is that it should be possible, by using multiple stress
indices, to develop a stress metric procedurs. This has been a major
objective of HEL's stress research program (Hudgens, Torre, Chatterton,
Wansack, Fatkin, & Deleon-Jones, 1986). HEL presently has a preliminary
version of such a metric procedure available for determining, in a relative
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sense, how stressed subjects are when experiencing other stressors, such as
those imposed on the soldiers who participated in this field experiment. It
is the authors' intent to apply this preliminary metric to studies of soldier-
weapon system performance during stress conditions, as is the case in the
present research, to determine whether and to what extent the human element in
the system is stressed by the experimental conditions.

Through contracts with Northwestern University and Westside Veterans'
Administration Hospital, a basic research program was initjated to obtain
profiles of physiological and psychological responses from people expuriencing
differing kinds and intensities of stress. Examination (medical students
during a critical examination) and surgical (spouses of patients undergoing
surgery) stress were chosen for study in this program because they appeared to
share several elements with combat stress, for example, the threat to one's
ego and career if one does not perform to expectations and the threat to life
or limb--in this case, of a loved one.

Significant progress has been made in this effort. 1In the surgical
stress protocols, data are available from spouses of patients undergoing both
major abdominal and minor outpatient surgery. During the examination
protocol, data collection is complete for the medacal students taking a highly
critical written examination (e.g., Hudgens, Chatterton, Torre, Slager,
Fatkin, Keith, Rebar, Deleon-Jones, & King, 1989). Extensive data from
unstressed Control Groups are also available for use in our analyses.

In summary, sufficient data have bheen collected about response profiles
at the control, low stress (surgical), and moderate stress (surgical and
examination) levels for these kinds of stress, 8o that preliminary evaluations
can be made of other stress situations that fall within the range of the
moderate stresses produced to date. Continuing vork in this research program
is focused upon completion of the initial metric including high stress
response profiles. Thus, we have a usable preliminary version of a stress
metric to support the analysis and evaluation of the stress levels produced in
the present experiment.

SOLDIER-RIFLE PERFORMANCE

To support the ACR field test design in terms of specifying target
behaviors, shooter procedures, and test analyses, the Joint Services Small
Arms Program (JSSAP) committee requested that HEL (a) determine if the aim
arrors accepted by the analytical community as indicative of combat stress
could be generated by task-induced stressors coupled with the psychological
stress of competition; and (b) compare the performance of the M16A2 equipped
with the NWSC No. 1 device firing in both semiautomatic and burast modes of
fire with respect to hit probability and aim error.

The findings of Torre (1985); Feldman, Reed, Hazell, Tiller, Michelsen,
Walton, Pettijohn, and Yudowitch (1959); Feldman, Reed, Hazell, Love, Tiller,
Pettijohn, Yudowitch, and Michelsen (1961); Klein and Tierney (1978) indicate
that short target exposures, random presentations, and multiple targets are
representative of task-induced stressors in combat. To generate high aim
errors in this study, a day defsnse scenario was constructed in which man
silhouette targets were randomly presented at unknown ranges from S0 to 300
meters for short time periods singly and in multiples of two and three. 1In
addition, the stress of competition was added by including many of the
variables found in the literature that would promote maximum stress, one of
which was threat to self-esteem, which was generated by having two elite




groups of soldiers compete in rifle marksmanship a task expected of
infantrymen which reflects upon their unit and themselves.

This study provides data that may influence the ACR program by providing
estimates of aiming error and hit probability for single round and burst modes
of fire, and by providing a methodology for producing a known level of
experimental stress in soldiers.

APPROACH

This experiment (i.e., the Salvo Stress Study) employed a multivariate
approach to the study of stress. Data were collected for several hormonal
responses, heart rate was studied in selected subjects, surveys were used to
estimate perceived stress and to 2asess aspacts of personality, and the
soldiers' performance with the rifle in bhot!: single and burst mode was
measured. The authors believe this is the best approach to attack the complex
issues involved in studying reactions o ang, po:formance during conditions of
stress. ‘ \

In designing and conducting this study, great care was taken fro ensure
the safety of the subjects. The blood-sampling procedures were developed in
consultation with medical and nursing professionals and were approved by the
Medical Research and Development Command Human Use Office (Tauson, 1986a).
This approval was subsequently reaffirmed (King, 1987). The proteccol had been
approved as minimal risk investigation by the HEL Human Use and Experimental
Design Panel (Tauson, 1986b). The NWSC No. 1 muzzle device used to control
burst dispersion had received a U.S. Army Test and Evaluation Command (TECOM)
safety certificatio.u bafose usc in the 'study (Dixon, 1968). All firing was
conducted in accouda~~e with HEL (1987), vhich covers the M range facility at
which the study wva©c *uxluﬁ.ad »

OBJECTIVES

This atudy was designed to (a) assist in developing a procedure to
stress soldiers while measuring their performance of combat-relevant tasks,
and adding to the data base in this area; and (b) provide data to assess the
feasibility of meeting stated requirements for the ACR program using a serial
burst system with the recoil impulse of an M16A2. .

GENERAL METHOD
Subjects

The subjects in this field ¢ixperiment were 00 volunteer infantrymen, 40
from the 82nd Airborne Division and 20 from the 10lst Airborne Division (Air
Assault). Units willing to support this fleld experiment by permitting HEL to
recruit volunteers were identified through the Test Scheduling and Review
Committee (Department ¢f the Army, 1985) process in coordination with Forces
Command (FORSCOM) Headquarters. During the 2 competition weeks, 10 soldiers
from each division participated in the experiment; during the control week, 20
soldiers from the 82nd Airborne Division served as subjects. All the subjects
had been briefed about the experiment at their home bases and had signed
volunteer agreement affidavits before traveling to Aberdeen Proving Ground
(APG) . The subjects were again asked to sign this agreement (see Appendix A)
upon thelir arrival at APG.
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Apparatus

The subjects fired M855 ball ammunition loaded into 30-round magazines
from M16A2 rifles which had been equipped with NWSC No. 1 muzzle devices to
control dispersion in burst mode. The safety certification for this muzzle
device 1s contained in Appendix B. The firing was conducted at the HEL
automated and instrumented small arms facility at M range. This facility is
further described in Appendix C. Blood samples for hormonal analysis were
collected using standard indwelling catheters, syringes, and tubes, and were
collected in accordance with standard medical conditions by clinical
laboratory technicians under the supervision of a registered nurse. Sampling
was conducted in a climate-controlled trailer immediately behind the firing
point. Blood samples were analyzed by a contractor. These procedures are
described in Chapter 3 of this report and in Appendix D. A battery of
psychological surveys was also assembled to measure perscnality variables and
to assess reacticns to the situation. These are described in Chapter 4 and in
Appendix E of this report. The heart rate data-collection apparatus is
described in Chapter 5.

Procedures

The experiment wa3s conducted during the weeks of 7, 14, and 21 March
1988 at APG, MD. The weather conditions for these weeks are summarized in
Appendix F. The tirst and third weeks were competition weeks during which the
soldiers from each unit conpeted for a plagque awarded to the high scoring unit
and for other recognition, while the second week was a control week during
which no formal competi!tion occurred. - During competition weeks, the soldiers
were briefed by the Commander, HEL, before record fire began, and they were
advised that high ranking visitors could be expected at the range. During
competition firing, soldiers were encouraged to remain in the stands provided
to observe their peers' performance, and most of them did so. A large
scoreboard was placed near the stands, and each soldier's score was announced
over the public address system and posted on the scoreboard along with a
running total for his team. A video camera and recorder were placed behind
the firing point to record shooting performance during competition. During
the noncompetition week, soldiers were briefed by the field experiment
director, and the soldiers were permitted to rest in the tent behind the
control trailer except when they were actually firing. The video camera,
recorder, and scoreboard were removed from the range for this week, and scores
were not publicly announced.

The daily and weekly experimental schedules are given in Appendix G.
During each week, Monday was reserved for traveling from home base, for
inbriefing, and inproressing. Tuesday was occupied with personality surveys,
zeroing of weapons, and familiarization firirg. On Wednesday, four baseline
blood samples and baseline stress survey responses wvere obtained, and
additicnal familiarization firing was conducted. On Thursday, the record
firing scenarios were presented to the subjects, and the six record firing
blood samples and the record fire stress surveys were taken. Each subject
fired two different target scenarios on the record-fire days, one in
semjautomatic mode and one in three-round burst mode. Each scenario consisted
of 36 target presentation events. The blood samples and surveys were timed to
occur at specified intervals before and after record firing and at
corresponding times on the baseline days. On Wednesdays and Thursdays,
subjects were not given lunch until after their last blood samples had been
taken. The subjects were advised to avoid drinking alcohol while at APG and
to avoid all caffeine-containing beverages on blood-sampling days. A two-way




radio, which was in contact with Kirk U.S. Army Health Clinic, was kept in the
control trailer to be used to summon aid in case of an injury.

Statistical analyses of the data were conducted using the System for
Statistics (SYSTAT) version 4.0 (wWilkinson, 1987), e:xcept as noted in a
particular chapter. The alpha level for the analyses in this report was set
at 0.0S.
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CHAPTER 2

SHOOTING PERFORMANCE DURING COMPETITION STRESS
(S. Wansack, J. P. Torre, Jr., J. M. King, J. Mazurczak, J. S. Breitenbach)

INTRODUCTION

The weapon user comaunity has long expressed a need for a new oOr
enhanced rifle for the combat soldier. The Advanced Combat Rifle (ACR)
. program has been developed to accommodate thia need. The purpose of the ACR
program is to develop and assess rifle concepts that will increase hit
probability beyond that of the M16A2. The increase in hit probability rests
on two assumptions. First, during the stress of combat, aiming errors will be
large and second, firing multiple projectiles per trigger pull, either
serially or simultaneously, will compensate for this large aiming error by
increasing the probability of hit beyond firing a single projectile. The
degree of improvement depends on the aiming error associated with the trigger
pull, the number of rounds fired, and the size of their dispersion. The
projected improvements of ACR concepts in comparison to the MiéA2 further
assume that the aiming error, although large, will be the same for
semiautomatic and burst fire. The larger the aiming error, the greater the
improvement. This is true because as aiming error increases, the opportunity
for the additional projectiles to contribute to hit probability increases.
Conversely, for small aiming errors, improvements in hit probability for burst
systems are diminished. At present, the analytical community accepts an
aiming error function derived from the performance of the worst third of many
field experiments, offered by AMSAA, as that which may be experienced during
combat stress.

Theoretically based analyses (Fallin, 1969; Weaver, 1989) have led to a
consensus in the small arms community that approximately an 8-mil mean extreme
spread for a three-round kurst is optimal for a serially fired system (Torre &
Querido, 1990; Weaver, 1989).

The only reliable serially fired burst weapon capable of simulating ACR
concepts is the M16A2 equipped with a muzzle brake. Currently among the more
effaective devices available for controlling the burst dispersion of the M16A2
is the Navy Weapons Systems Center (NWSC) No. 1 muzzle caevice chosen for use
in this study. It does not induce reliability problems during the required
rates of sustained fire (Spadie, 1986). However, its 16-mil mean extreme
spread three-round burst only approaches the 8-mil dispersion considered
optimal for a serial burst system.

Analyses of battlefield marksmanship (Torre, 1985; Feldman, Reed,
Hazell, Tiller, Michelsen, Walton, Pettijohn, & Yudowitch, 1959; Feldman,
Reed, Hazell, Love, Tiller, Pettijohn, Yudowitch, & Michelsen, 1961; Klein &
Tierney, 1978) suggest that several task-induced stressors would generate the
large aiming errors expect in combat. The most apparent are the expectation
of short target exposures, unknown target locations, multiple targets, and
random combinations of these.

To support the ACR field test design in terms of specifying target
behaviors, shooter procedures, and test analyses, the JSSAP committee
requested that HEL (a) determine if the aim errors of the magnitude predicted
by the AMSAA worst third function could be generated by task-induced stressors
coupled with the psychological stress of competition; and (b) compare the
performance of the M16A2 equipped with the NWSC No. 1 device firing in both
semiautomatic and burst modes of fire with respect to hit probahility and aim
error. This field experiment accomplished both of these tasks.
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Therefore, the Salvo Stress (SS) Study was conducted partly to determine
if high aiming errors would be generated by adding the stress of competition
to the task-induced stressors such as short target exposure *“ime, random
presentation of multiple targets at differing ranges, and second, to determine
if aiming error changes when multiple projectiles are fired per trigger pull
in comparison to aiming error that results from firing a single projectile.
The intent was to use the information obtained from this experiment to assist
in designing the ACR field test to compare concepts and to assist in the
assessment methodology.

Concurrent with this JSSAP effort, HEL, in conjunction with the Army
Development and Employment Agency (ADEA) (Department of the Army, 1985), has
been developing a methodology to stress soldiers in experimental settings
while measuring their performance of combat-relevant tasks. The stressing
procedures being considered employed the psychological stresses of
competition, threats to self-esteem, peer pressure, team interdependency, and
pursuit of awards and public recognition, while manipulating the task-related
varjables of target range, target number, and target exposure time.

A day defense scenario provided the combat-relevant tasks upon which to
make performance measures in semiautomatic and burst modes of fire, as well as
the vehicle to assess the NWSC No. 1 device and the effects of competition
stress on performance.

METHODS
Subjects

The subjects (see Chapter 1 for details) were shooters recruited from
elite infantry units., 1In addition to basic rifle marksmanship training, all
subjects had expert record fire qualifications scores. Sixty percent of the
soldiers recruited had also received M21 sniper training. To the extent that
these soldiers were atypical, their expertise only served to increase their
stress by raising the pressure on them to perform well, while minimally
impacting the first two objectives.

Apparatus

The M16A2s used in this study (see Chapter 1 for details) were equipped
with NWSC No. 1 muzzle devices. All firing was conducted in & .rdance with
HEL (1987), which covers the M range facility at which t.a study was
conducted. Since the NWSC No. 1 1is not part of the current M16A2
configuration, a safety release was obtained from TECOM at APG (Dixon, 1988;
see Appendix B). The characteristics of the M16AZ flash hider and the NWSC
No. 1 device are given in Table 1. Standard E silhouette layered targets
measuring 40 inches high by 20 inches wide and M855 ammur..tion were used
throughout the field experiment.

Procedures
Each soldier was issued an M16A2 equipped with an NWSC No. 1 device for
use throughout the test week. No replacement weapons were required. subjects

wore the battle dress uniform (BDU) and the personal armor system ground
troops (PASGT) helmet during all firing. Each soldier went through the firing
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sequence described below. Firing was done from the foxhole-supported
position.

Each soldier zeroed the weapon firing at the 25-meter scaled zeroing
target for the M16A2. The procedure followed is outlined in the current
training guidelines (Marine Corps, 1983). The rear sight elevation knob was
set one click cight of the 300-meter mark (8/3 setting). Aim point was at
target center. The soldier fired three self-paced rounds at the target. If
the shot group was sufficiently tight, any required adjustments were made.
This procedure was repeated until all three rounds were covered by the zeroing
circle superimposed on the target. After the 25-meter zero was completed, the
rear sight elevation knob was zotated left one click (3/8 setting). The
weapon was then zeroed for 300 meters.

Each soldier was given four 30-rcund magazines of M855 ammunition for
familiarization firing. The subjects were instructed as follows:

Targets will be presented from 50 to 300 meters for a S-second
interval. The first magazine is fired in the semiautomatic mode at
your individual pace. There is no limit to the number »f trigger
pulls taken at any target; rather it is left to your discretion to
determine whether sufficient time remains for additional rounds tu
be fired. The next three magazines are fired in the burst mode
(three rounds per trigger pull). The instructions outlined for the
semiautomatic mode still apply, kut you are encouraged to always
attempt to fire three rounds per trigger pull as opposed to
limiting the burs: by controlling trigger pressure.

Table 1

Characteristics of the M16A2 Flash Hider and the NWSC No. 1 Device

M16A2 flash hider dimensions:
Length 1.75 inches
Outside diameter 0.86 inch
Weight 2.06 ounces

Performance values of M16A2 with stindard flash hider
Recoil impulse 1.35 lb-sec
Rate of fire 819 rounds per minute
Mean extreie spread 22.4 mils

NWSC No. 1 device dimensions:
Length 1.80 inches
Outside diameter 0.864 inch
Weight 2.15 ounces

Performance values of M16A2 with NWSC No. 1 Device:
Recoil impulse 0.96 lb-sec
Rate of fire 810 rounds per minute
Mean extreme spread 15.8 mils

The NWSC No. 1 is a cylindrical device consisting of two sets of five slots
arranged symmetrically about the vertical axis., The first set of slots is
0.125 inch wide and 0.3 inch long. The second set of slots is 0.19 inch wide
and 0.675 inch long. The separation of the slots is 65°, The device has a

0.73=inch solid bottom,
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During record fire, each soldier fired two scenarios, each with a
different target presentation sejuence. Each scenario consisted of 36 target
presentation events. Events involved presenting one, two, or three targets
for 1.5, 3, or 5 seccends at S0, 100, 200, or 300 meters. The target
presentations were made in random order to eliminate any learning effects.
Subject-sequence pairings were also randomly determined. See Appendix H for
detajiled descriptions of these scenarios.

All scenario presentaticns were stopped when necessary to allow magazine
changes or correction of malfunctions. At the end of a scenario, alibis for
the targets missed becauss of malfunctions were presented in the exact
sequence missed and at the normal scenario pace. (Not&. An alibi is defined
as an opportunity to repeat a shot as a result of equipment malfunction.)
Bursts of fewer than three rounds were not alibied. The subjects were
instructed as follows:

Two separate scenarios will be fired, one in the semiautomatic
mode and the other in the burst mode. “he oxder for mode of fire
will be determined as you approach the lane. Firing should be
done from the foxhole-supported position in the way that is most
conducive to defeating the tazgets. There i8 no iimit to the
amount of ammunition that can be fired. You may fire as many
rounds as you feel are needed to defeat the tarxgets. Again, you
are encouraged to take advantage of all three rounds using the
burst mode.

The firing sequences and points of instruction about target engagement
were the same for both the Competition and Control Groups. The points of
instruction aiffered between ¢roups about the explanation given to the
soldiers for participation in the s:tudy before and after their ar ival at the
APG site. The Competition Groups were informed that a major issue was to
determine which unit possessed the best rifle marksmanship program, and that
this was not only of interest to HEL but to the Army in general. The groups
were continually made aware that competition was to be keen and that they were
expected t¢ perform well. There were constant reminders, including video
cameras to record their performance and newspaper articles discussing the
competition, that the military ocommunity would be apprised of their
performance. On the other hand, the Control Group was instructed that the
reasons for their study participation were to provide firing data about a new
muzzle device currently being investigated and to assess their reactions to
participating in the experiment. Emphasis was placed on the need to
accurately assess weapon performance, but no reference was made to high
expectations regarding individual performance. Soldiers were explicitly
instructed to refrain from discussing experimental procedures with subjects in
subsequent groups until after the field experiment was completed.

The range was computer controlled, and all firing data were collected on
line. Target presentations (see Appendix H for data co.cerning target range,
target number, and target exposure time) were controlled using a acenario
generation program written on a cassette and executed on a Hewlett-Packazd
9100. This configuration allowed individual lane contxol. Since the targets
were hit sensitive, an electrical short circuit caused by the projectile
passing through the target registered as a hit and provided strike feedback to
the soldier as well as hit and miss data to the computer. A firing pressure
sansor adjacent to the muzzle of the weapon was used to trigger a shot counter
and to time st.amp the triggecr pull in relation to the target up signal. Data
were collected and stored on a Compaq computer. Upon completion of a scenario
presentation, individual totals of target hits and shots fired were printed
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and saved as a disk file. For the stress groups, results were reported over a
public address system, then posted on a scoreboard where running group totals
were tallied. Any additional processing of data was done off line.

Data for each group were stored as an ASCII file and preprocessed using
a Turbo Pascal® data reduction program written by Dr. Joel Kalb of the
Auditory Performance Team, Behavioral Research Division, HEL. This program
was based on work reported in Grubbs (1964). Statistical analyses wvere
conducted using Statistical Analysis System (SAS, 198S5).

RESULTS

The design employed groups {two competition versus one control), Mode of
Fire (semiautomatic versus three-round burst), Range (50, 100, 200, and 300
meters), Target Exposure Time (1.5, 3.0, and 5.0 seconds), and number of
Targets presented at a time (one, two, or three) as independent variables in a
fixed effects analysis of variance (ANOVA), since groups were the experimental
unit. "he Groups x Mode x Range x Time x Target mean square interactions were
used as the error term, Targets hit (Hits) were used as the dependent
measure. Statistical analysis was done using sAs® version 5.0 (1985). The
data were subjected to log transformation before analysis. Post hoc analyses
were conducted using Scheffé's Test with an alpha level of 0.05., Figures 1
through 3 shox the hits for one target presented for 1.5, 3, and 5 seconds,
respectively. Figures 4 through 6 show the hits for two targets presented for
1.5, 3, and 5 seconds, while Figures 7 through 9 show the hits for three
targets presented for 1.5, 3, and S seconds.

Results of the ANOVA described above revealed that among the main
effects, the grcups variable had no overall effect on Hits (F(2, 32, = 0.72).
Mode was signiticant (F(1l, 32) = 10.80, p<.0025), reflecting more Hits in
burst mode than in semiautomatic mode. The effect resulting from Range was
significant (F(3, 32) = 668.45S, p<.0001), indicating that Hits declined as
range increased. Scheffé's test indicated that all four ranges differed from
each other. Time of exposure had a major impact on Hits (F(2, 32) = 1164.04,
P<.0001). More targets were hit at longer exposure times. All three exposure
times differed from each other based on Scheffé's tests. The Target variable
was also significant (F(2, 32) = 97.63, p<.0001). More Hite were obtained
vith three targets presented than one, but performance was lowest when two
targets were exposed. Scheffé's test revealed that one, two, and three target
exposures were different. The two target presentations reguired a large
angular change in weapon orientation to engage either of the targets
presented. Also, performance during the one and three target presentations
was similar, bacause the center target, presented in both cases, was generally
engaged first.

Among the two-way interactions, the Groups x Mode (F(2, 32) = 0.,34),
Groups x Target (F(4, 32) = 2.14), Mode x Range (F(3, 32) = 0.63), Mode x Time
(F(2, 32) = 2.47), and Mode x Turget (F(2, 32) = 0.78) interactions failed to
achieve significance. The significant Groups x Range interaction (F(6, 32) =
2.70, p~.031) reflects the finding that the Control Group pexformed better
than the Competition Groups at ranges less than 300 meters, while the
Competition Groups obtained more Hits at 300 meters. The Groups x Time
interaction (F(4, 32) = 3,55, p<.017) is a result of the first Competition
Group's poor performance during 1.S5-second exposure conditions. The Range x
Time interaction (F(6, 32) = 23,52, p<.0001) indicates that the effects of
decreased oxposure times were exaggerated at longer ranges. The Range x
Target interaction (F(6, 32) = 13.63, p<.0001) suggests that the detrimental
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range for Competition Group 1 (top), Control Group 2 (middle), and
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and Competition Gzoup 3 (bottom).
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Figure 8. Hits for three targets presented for 3 seconds as a function of
mode of fire (Mode 1 = semiautomatic, Mode 3 = three-round burst)
and range for Competition Group 1 (top), Control Group 2 (middle),
and Competition Group 3 (bottom).
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effect of the two-target presentation was decreased at longer ranges. The
Time x Target interaction (F(4, 32) = 71.61, p<.0001) indicates that the two
target presentations were relatively more difficult at shorter exposure times.

Several three-way interactions failed to achieve significance. These
included the Grouvs x Mode x Target (F(4, 32) = 1.48), Groups x Range x Time
(F(12, 32) = 1.74), Groups x Range x Target (F(12, 32) = 1.57), Groups x Time
x Target (F(8, 32) = .52), Mode x Range x Time (F(6, 32) = .86), Mode x Range
x Target (F(6, 32) = 1.37), and Mode x Time x Target (F(4, 32) = .33)
interactions. Among the significant three-way interactions were the Groups x
Mode x Range (F(6, 32) = 3.35, p<.011), Groups x Mode x Time (F(4, 32) = 2.68,
p<.049), and the Range x Time x Target (F(12, 32) = 8.73, p<.0001)
interactions.

Among the four-way interactions, the interactions of Groups x Mode x
Range x Target (F(1l2, 32 = 1.60) and Groups x Range x Time x Target (F(24, 32)
= 1.58) interactinns failed to achieve sigrificance. The Groups x Mode x
Range x Time (F(l2, 32) = 2.30, p<.029) and Mcde x Range x Time x Target
(F(12, 32) = 2.34, p<.027) interactions were, however, significant.

For a thorough cowpariscn of semiautomatic (one round per trigger pull)
to burst mode (three rounds per trigger pull), & number of performance
parameters must be addressed.

Targets hit per first trigger pull (FTP) considered any of the three
projectiles of the first burst mode when totaling targets hit but did not
count mul“iple hits on a target as more than one Hit. Over all ranges, 78.4%
of targets hit in semiautomatic fire were FTP hits compared with 77% for burst
fire. Nf the 77% FTP hits for burst fire, 13.4% was the result of the second
and third rounds of rhe FTP.

Additional trigger pulls were counted during any individual step of the
target presentation scenario, provided no target was hit during the FTP. Any
subsequent trigger pull, regardless whether it was fired at the same target or
not, was an additionai trigger pull. Ten percent more trigger pulls were
tecen in the burst mode than in semiautomatic mode. However, on a target-hit-
per~trigger-pull basis, the result was & 23.2% hit probability for
seniautomatic fire versus 22.0% hit probability for burst fire on this
measure.

First round hit (FRH) per FTP considered only the first projectile of
the three~round burst of the FTP on a target. Since detailed information
about time of shot was recorded at the firing line, the residual velocity of
the M855 round at the target was known, and the time stamp for target hits was
known, each projectile of the burst for any trigger pull could be scored
separately. At all ranges, the FRH/FTP of the burst mode was less than that
observed during the semiautomatic mode of fire. The additional targets hit
during the burst mode were the result of the second and third rounds of the
burst as opposed to the first round. Over all ranges, semiautomatic fire
produced 78.4% FRH/FTP compared to 63.6% FRH/FTP for burst fire. This is
consistent with our earlier observation that 13.4% of targets hit during the
FTP are the result of the second and third projectiles.

Through the use of the aim error calculation procedure described above,
the 2iming error associated with the first round of the FTP was determined.
These data (see Figure 10) clearly indicate that a substantially increased aim
error was assoclated with burst fire at all ranges. The aim error penalty
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associated with burst fire ranged from a high of 0.57 mil at 100 meters to a
low of 0.24 mil at 300 meters.

The average elapsed time between target presentation and the first
trigger pull hit for semiautomatic mode was 1.5 seconds, while the
corresponding value for burst mode was 1.2 seconds. Note that a center target
was presented in two-thirds of these cases (one target and three targets).
The average reaction time was substantially increased if a large angular
correction in weapon orientation was required, as was the case when two
targets were presented. The low performance observed with 1.5-second exposure
times may result from this particular exposure duration nearly equalling the
time required to fire the first shot or burst.

AMSAA Aim Error Function

8 ( 8
B BURST

a5t 54 [0 SEMIAUTOMATIC
4 ‘+ \

3.7
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29

AIMING ERROR (MILS)
[

50 100 200
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Figure 10. Aiming error in mils as a function of mode of fire and range.

DISCUSSION

The soldiers' training seemed to affect their performance in this
experiment. In almost all scenarios in which multiple targets were presented
and the first target fired upon was missed, the authors observed that the
soldiers reacquired and reengaged the missed target, even if they had already
acquired a second target. All the marksmanship instruction the scldiers
received implied that it is more effective to re-acquire and reengage a missed
target than to acquire and engage a new target. The effects of that training
were apparent even under the influence of the task-induced and competition
stressors. Although multiple targets were displayed and the soldiers were
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well aware of the short exposure times, the firing technique emphasized during
training was strictly followed.

When firing in burst mode, the soldiers appeared to fire the first round
faster and tolerate a larger aim error to do so. The average time to fire
data, which is the time to discharge the first round after a target is
detected given that there is a target hit, was 1.2 seconds for burst mode, as
opposed to 1.5 seconds for the semiautomatic mode. Since the sight picture
presumably did not change and targets were no easier to acquire, a plausible
explanation for this increased firing quickness is that the soldier perceived
the advantage of burst fire as additional rounds dispersed around the target
which would compensate for their decreased aiming accuracy.

It was expected that because of the weapon climb when firing burst mode,
it would be more diffjcult to re-acquire the target and obtain a sight picture
for firing subsequent bursts. This did not seem to be the case. 1In burst
mode, a gre~ter number of trigger pulls were recorded than in semiautomatic
mode, with a similazr percentage uLf targets defeated as in semjautomatic mode.
One reason for this is that the time to fire in burst mode was 0.3 second less
than in semiautomatic mode, perhaps attributable toc pointing rather than

aiming the weapo.. This wecre rapid firing created more engagement
opportunities. These additional opportunities may have operational
significance.

Several examples of targets being hit by more that one projeoctile of a
burst (strikes) were recorded. These data are presented in Figure 11.
Although multiple stiikes are probably desirable, they may not ocutweigh the
disadvantage of the increased combat load which would be required if burst
mode were relied upon 2xtensively. The added weight because of additional
ammunition fired just for the scenario? presented in this experiment is 3,66
pounds per soldier, based on published weights for M855 ammunition (Department
of Defense, 1981). When questioned, the soldiers made it clear that moderate
improvements in performance would not justify tripling their ammunition load.
The soldiers thought that combat load should be decreased instead of
increased.

As was stated previously, the mean extreme spread of a three-round burst
for the M16 would have to be about 8 milliradians to optimize hit probability
across the target ranges used in this experiment for the aiming error function
offered by AMSAA and accepted by the analytical community. The aiming error
is a negative exponential function of range whose values vary from an 8-mil
standard deviation at 50 meters to 2.9 mils at 300 meters, whereas
corresponding experimental values are approximately 4.2 mils and 2.3 mils,
respectively. Note that the burst dispersion of the M16A2 is 22 mils, and the
M16A2 equipped with the NWSC No. 1 muzzle device is 16 mils. AMSAA
predictions showed that little improvement could be expected from a system
with a 16-mil mean extreme spread except at close range. The only significant
improvement in targets hit found in this experiment was at 50 meters,
confirming this prediction. Also, this experiment was unable to generate aim
errors as large as those of the AMSAA function.

Although the competition generated in this field experiment (the S§
study) produced significant stress responses, as documented in the next two
chapters, it did not result in overall performance differences between
Competition and Control Groups in terms of targets hit.

35




25 4
: /
I 20 - '
(73]
-
L .
O 154
o et
<
-
10 ﬁ-
)
54
0 +— — ~ iy
BURST BURST TOTAL SEMI- BURST BURST TOTAL
STRIKES AUTOMATIC STRIKES
CONTROL COMPETITION

Ficure 11. Targets hit as a function of group and mode of fire. (BURST Lits
include targets struck by ocone or more projectiles in a burst.
BURST-TOTAL STRIKES counts multiple hits within the same burst on
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CONCLUSIONS

In thi; chapter, we have reported that (a) competition failed to change
overal. group shooting performance; (b) aim error was greater in burst mode
than in semiautomatic mode:; (c) the aim errors gencrates were smaller than
those accepted by the anslytical community as expected di'ring combat stress,
particularly for short ranges, although this discrepancy decreased as range
increased; (d) as predicted, a xalatively large burat dispersion coupled with
a relatively low aim error did not improve burst mode beyond semiautomatic
fire; and (e) as expected, target range, time of exposure, and the number of
targets presented influenced hit probability.
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CHAPTER 3

HORMONE RESPONSES TO COMPETITIVE MARKSMANSHIP
(G. A. Hudgens, L. T. Fatkin, J. P. Torre, Jr., J. M. King,
S.&Shwna.tcmuuwmqn)

INTRODUCT.ON

The HEL Salvo Stress (SS) study was conducted as a field experiment
supporting two principal purposes: (a) the evaluation of competition as an
effective component in a methodology to produce a known level of stress in
soldier-equipment performance testing; and (b) the generation of performance
data on the soldier-M16A2 rifle system in support of the projected Advanced
Combat Rifle (ACR) field test. The physiological data described in this
chiapter and the psychological data described in the following chapter were
obtained as components of the competition stress evaluation. These data were
cullected to help determine whether the competition generated was stressful to
the soldiers and, if so, to help determine how stressed the soldiers were and
how the level of stress related to their performance.

Since the introduction of the concept of strsss by Selye (1936), the
primary indicators and validators of stress responses have been physiological.
They have involved the measurement of the catecholamines, primarily adrenaline
and noradrenaline, which are secreted as the result of activity of the
sympathetic adrenal medullary system, and the measurement of corticosteroids,
such as cortisol, which are secreted as the result of activity of the
pituictary-adrenocortical system. Selye's original concept, which has been
predominant in the field ever since, implicated these responses as the
responses to be expected in all cases when an organism is stressed (his
"nonspecificity™ concept).

The half-century dominance of Selye's concapt has caused confusion in
the area and has, according to Mason (1971), stifled further research into

stress mechanisms, From both clinical and experiment:l stress data came
evidence ol considerable individual variability as to the natu': of stimuli
required to elicit a response and the degree of (ca: .amine or
corticosteroid) response. Nevertheless, Selye's views we: strongly

accepted that few considered entertaining alternate theories.

During the last 3 decadas, considerable experimental and clinical data
have accumulated which do not support Selye's early notions; these data have
led some investigators to new theoretical concepts to account for much of the
observed stress response variablility (Mason, 1974, 1975; Seggie & Brown,
2982). While Mason addressed stressor-specific response profiles and Seggie
and Brown addressed pathway-specific stress responses, both formulations were
based on recent advances in kno ‘ledge about the variety of different hormonal
and other physiological rasponses regulated by a variety of different control
patnways. Thus, both theoretical formulations predict that different kinds
and levels ot stressors interact with personal characteristics (e.g.,

personality >r mmemory of past experience) to yield stressor-specific response
profiles.

In practical terms, the preceding means that we need to know (regarding
the ability to avaluate competition as a stressor in this study) (a) which
physiological and psychological response indices are likely to be responsive
20 the stressor in question, and (b) how these reaponses are likely to be
medified by measurable paersonal variables such as personality. The HEL basic
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research program, "Combat Stress Mechanisms and Effects on Performance,” is
designed to provide this knowledge.

Through a current contractual effort with Northwestern Uni -ersity and a
prior effort with the Veterans' Administration West Side Medica. Tenter, the
program seeks to obtain extensive physiological and psychological response
data in a number of protocols investigating different kinds and intensities of
stressful situations. Physioclogical stress-response msasures include the more
traditional ones, the catecholamines (epinephrine and norepinephrine) and the
adrenocortical hormone cortisol, and other hormones more recently shown to be
responsive to various stressors (growth hormone, luteinizing hormone, .
testosterone, and prolactin). In addition, the program is now including in
its battery two opioid peptides (beta-endorphin and Met-enkephalin), recently
shown to be part of the body's analgesic response to stress. These opioid
peptides represent an extensive variety of such responses to stress that
promise to provide new insights about how the body handles stress. While many
of the analgesic responses occur in response to acvte stressors, their more
long-term effects suggest that their role may be more important to the body's
handling of chronic stress. In the same protocols, psychological assessments
are made of the subjects’' personality traits, coping mechanisms, and
perceptions of how stressed they feel at different times. The specific goals
of the program are (a) to verify the notion that diffarent kinds and levels of
stress, interacting with personal variables, yield unique physiological and
psychological response profiles: (b) to create, in effect, a collection of
such profiles against which other stressors can be evaluated; (c) to determine
which combination of physiological and psychological indices might be most
efficiently and effectively used toc measure stress experienced by subjects in
future efforts; and (d) to develop a data base that will allow modeling of
combat stress by including data for more combat-like stressors and by
extending the investigations to include the effects of multiple and chronic
stressors.

Because the current effort (i.e., the HEL 88 study) was accomplished in
a relatively early stage of the basic research program just described, the
evaluation of competition as a stressor in this effort will necessarily be
limited. Data derived from low and moderate level stressors are nearly
complete for several stressors in the basic program. However, collecting data
on people who are experiencing truly high levels of stress (e.g., when life,
limp, ego, or career are threatened) has proved to be quite difficult. The
necessary voluntary cooperation of the people involved has been quite limited.
Ccnsequently, the authors' current ability to evaluate new stressors relative
to the others for which data are adequate appears to be limited to low and
moderate stress levels. If the stress that can be gensrated by competition
proves to be within the moderate range, an evaluation should be valid. 1If it
proves to be more stressful, the evaluation will suffer from the lack of
comparative data for intense stress. A certain advantage of this study
occurring early in the program, however, is cthat the current data can be
incorpoxated into the growing data bank to provide more profile data on
different kinds of stress, to improve and extend the metric for use in future
efforts.

To summarize, the current effort represents an initial attempt to
evaluate the use of competititon as one component of a methodology for
generating streass. The profile of physiological and psychological responses
obtained in this effort will be compared with those obtained in other
protocols of the basic research program., It is predicted that the profile of
responses obtained for the stress of competition in this effort will be
characteristic of a moderate to high stress profile.
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METHOD
Subjects

Subjects were described in Chapter 1.
Procedures

General procedures were described in Chapter 1.

Ten blood samples were obtained by an indwelling catheter from each of
the 60 subjects. Samples 8 through 10 were missed for one subject when his
vein collapsed, and difficulty was experienced in establishing a new
catheterization. Once the catheters were established and secured in a
comfortable positicn in the rifle-support arm for each subject, there were few
problems, and none of the subjects reported any interference with firing.
Samples 1 through 4 were obtained on the second day of familiarization firing
(baseline day) before firing. The times of collaction were set to correspond
to the first four times of collection on the subsequent record-fire day (Day
3); consequently, a control interval of approximately 15 minutes was allowed
between subjects to correspond to the anticipated record fire interval for
each subject (based on pilot tests). Blood samples were then staggered
relative to each subject's 15-minute anticipated firing interval, so that on
baseline day, samples were obtained 90 minutes (Sample 1), 60 minutes (Sample
2), and 15 minutes (Sample 3) before and 15 minutes (Sample 4) after that
control interval. On record-fire day, samples were obtained 90 minutes
(Sample S), €60 minutes (Sample 6), and 15 minutes (Sample 7) before the
anticipated interval and 15 minutes (Sample 8), 60 minutes (Sample 9), and 120
minutes (Sample 10) after completion of record firing. The difference in the
number of samples obtained on baseline versus record-fire day was attributable
to a limitation of 10 samples (200 milliliters [ml)) of blood per subject. It
was deemed more important to obtain ¢good post-firing recovery data for record-
fire day than to have all sampling times matched during the 2 days. A
generalized time chart for procedures used in the protocols referred to in
this chapter is provided in Chapter 4.

Three blood-sampling stations and a bloocd-preparation laboratory were
set up in a mobile laboratozy about 20 feet immediately behind the firing
line. A waiting area was located in a large tent akout anotier 20 feet behind
the laboratory. Each subject was assigned a particular station to visit for
all blood procedures. Each station was operated by a qualified and
experienced phlebotomist under the supervision of a registered nurse.
Insertion of the catheters with heparin locks was begun at 0700 hours on
baseline and record-fire days; blood drawing begsn at 0730. Because times
vere staggered to allow 15-minute intervals for firing, blood drawing
necessarily extended for some subjects into the carly afternoon on baseline
day and into the middle afternoon on record-fire day. Control for time of day
was maintained by taking samples at the same times on both days for each
subject. Thua, each subject served as his own control. Since the
experimental and control conditions were always conducted with 20 subjects
following the identical time schedules, time of day was also controlled for
across groups.

Upon arrival at ths test site before 0700, the subjects reported to the
waiting area tent. Beginning at 0700, the subjects were sent in order to
their appropriate blood-drawing stations for insertion of the catheters. They
then reported back to the waiting area where they remained, except when sent
back to the laboratory for blood draws, on baseline day. Familiarization




firing on that day did not begin until all blood draws were completed. On
record-fire day, the routine was much the same. When the first subject was to
perform record firing, the subjects were told they could spend their waiting
time either in the stands behind the firing line watching those firing or in
the waiting area tent. Subjects in the Competition Group were encouraged to
spend thoir waiting time in the stands watching their teammates. Catheters
were removed immediately after Sample 4 on baseline day and after Sample 10 on
record-fire day. Drinking water was available at all times in the waiting
area, in the laboratory, and at the observation stands. Subjects were
encouraged to drink plenty of water to keep from becoming dehydrated and to
facilitate the blood drawing. They were also instructed to avoid consuming
alcohol or caffeine on either day before or during blood drawing and to eat
and drink nothing except water after breakfast (at about 0600). They were
allowed to eat after the catheters were removed.

Figure 12 shows one of the subjects having a bloocd sample drawn. At
each sampling time, 20 ml of blood were obtained. Half of each sample (10 ml)
was immediately put into a 12-ml chilled glass centrifuge tube containing 0.16
ml of a neutral solution containing 20 mg of [Ethylenebis(oxyethylenenitrilo))
tetraacetic acid (EGTA) and 12 mg of glutathione for subsequsnt assay for
hormones (cortisol, prolactin, testosterone, growth hormone, 1luteinizing
hormone) and catecholamines (epinephrine, norepinephrine). The remaining half
of each sample (10 ml) was put into a 12-ml chilled plastic centrifuge tube
containing 0.16 ml of a neutral solution containing 20 mg of EGTA and 0.1 mg
of aprotinin (obtained from the Sigma Chemical Company, St. Louis, Missouri)
for subsequent assay for opioid peptides (Met-enkephalin, beta-endorphin).
Samples were kept on ice until transferred to the laboratory for further
preparation which took place within 15 minutes. Upon transfer to the
laboratory, samples were placed in a refrigerated centrifuge to obtain the
plasma. Two and one-half-ml aliquots of plasma were added to vials pre-
labeled with identification numbers and codes for the various assays to be
performed. Those vials designated for the Met-enkephalin assays contained 100
Hl of glycine buffer (1.6 grams of glycine per 100 ml of 1 N (normal solution]
hydrochloric acid (HCl)). The sealed vials of plasma were immediately frozen
and held on dry ice. They were packed and shipped on dry ice at the end of
each week's testing to Northwestern University for assay. Details about the
pzocedures used in assaying the samples are presented in Appendix D.

Data Reduction

Data reduction was accomplished using Versions 3 and 4 of the statistics
software package SYSTAT (The System for Statistics, Wilkinson (1987), [1988)).
The following data-anslysis modules were used as appropriate: STATS
{univariate statistics), MGLH (Multivariate General Linear Hypothesis,
multivariate statistics), CORR (correlation procedures), and CLUSTER (cluster
analysis) .

RESULTS

At the time this report was prepared, assay results and data analyses
were complete for the hormones cortisol, luteinizing hormone (LH), prolactin
({PRL), growth hormone (GH), and testosterone (T). Assay results for the
catecholamines and opioid peptides were not complete and will be presented in
later reports.
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Figure 12. Soldier having blood sample drawn through indwelling catheter.




Competition and Hormone Responses
Data Reduction

Because different numbers of blood samples were obtsined on
baseline and record-fire days, the appropriate approach to analyzing the
hormone data was complicated. 1In studies when the time points for 2 days are
matched, one commonly used method of analysis involves considering each
subject as his own control; the data are then analyzed for changes in hormone
response from one day to the naxt. 1In the present study, change values were
computed for each hormone by subtracting baseline day values from record-fire
day values for each of the four common time points. While analysis of the
hormone change values for the treatment groups in this study would yield
stronger conclusions about treatment effects than analysis of days' data would
separately, such analysis can result in the loss of potentially important
information. The stress model employed in the HEL stress program predicts
different patterns of response for different kinds and levels of stress during
extended anticipatory and recovery periods surrounding stress events. For
instance, tho model hypothesizes (Hudgens, Torre, Chatterton, Wansack, Fatkin,
& Deleon-Jones, 1986) that the duration of stress response relates to the
intensity of stress experienced. Because of the exploratory nature of this
study, and so that information important to the stress program could be
derived, the hormone data ware analyzed by days separately as well as by
change values from baseline to record-fire day.

An 4initial multivariate analysis of variance (MANOVA) was
conducted for baseline day data. The design was Groups {(2) x Hormones (S) x
Time Points (4). Since the three-way interaction effect was highly
significant as shown by the multivariate test statistics (Wilks®' A = ,574,
Fe2.90); df=12,47; p=.004), subsequent MANOVAs were conducted for each hormone
using Groups (2) x Time Points (4) designs.

Similarly, an initial MANOVA was conducted for record-fire day
data. The design was the same as for baseline day except that there were six
time points. The multivariate test statistica for the three-way interaction
(Wilks' A = .511, F=1.815; Af=20,38) yielded a p=.056, which, because of the
exploratory nature of this research and the conservative nature of MANOVA, was
considered sufficient to Jjustify conducting subsequent MANOVAs for each
hormone 2s was done for the baseline day data.

A MANOVA was also conducted in the same manner for the hormone
change values computed as described above. The design was the same as for the
two days separately with the number of time points limited to the four common
to the two days. Again, the multivariate test statistics for the three-way
interaction (Wilks' A = .664, Fw1.,939; df=12,46) yielded a p=.054, which was
considered sufficient to Jjustify conducting subsequent MANOVAs for each
hormone.

The results of the subsequent MANOVAs are described below by
hormone. Post hoc tests were done using the Tukey-Kramer modification of the
Tukey Honestly Significant Difference (HSD) test, which was available in the
SYSTAT STATS module, and which was appropriate in comparisons with unequal
numbers of observations (Wilkinson, 1988, p. 709).

Figures 13 through 27 present the mean responses (+SEM [standard
error of the mean)) for the five hormones at the 10 sampling time points and
the mean change values ({SEM) over four time points for the subjects during
competitive conditions and for the control subjects.




Occasional discrepancies in degrees of freedom reported are
attributable to missing data points for one subject which was the result of
failure to obtain blood samples for that subject when his vein collapsed after
firing on record-fire day.

Cortisol

Figure 13 presents results for baseline day and Figure 14 for
record-fire day. For baseline day, the MANOVA yielded no significant
differences because of group treatment effects. For record-fire day, the
Groups x Time Point interaction was significant (Wilks' A « .804; F=2.58;
df=5,53; p=0.037; univariate F=3.65; df=5,285; p=.003). Post hoc tests for
this interaction effect were conducted using the modified Tukey HSD test which
yielded a critical wvalue (CV 1) of 18.99 for a=0.01 and CV o5=14.45 for

a=0.05 for group comparisons across time points. For testing within-group
differences across time points, CV 91=20.12 for a=0.01 and CV 05=17.04 for

alpha=0.05 for the Competition Group; and CV 1=28.45 for a=0.01 and
CV 95=24.10 for a@=0.05 for the Control Group. The interaction effect is best

described with reference to within-group differences over time. While the
Control Group cortisol response level showed no significant differences
between any two time points, the cortisol level for the Competition Group 15
minutes after firing for record was significantly elevated over the levels at
all other time points (p<.01l).

The change data (see Figure 15) show a rather straightforward
picturs for the relative cortisol response changes over the four time points
comaon to baseline and record-fire days. Before the fire-control interval,
the groups did not differ significantly in their changes in cortisol 1level
from baseline to record-fire days (CV 0g=16.78; p>.05). At +15 minutes after

the interval, however, the Competition Group showed a significantly greater
increase (CV ;,=22.06; p<.01) than did the Contzol Group.

Luteinizing Hormone (LH)

Figure 16 presents data for the baseline day, Figure 17 for the
record-fire day, and Figure 18 for the change from baseline to record-fire
day. For baseline day, the MANOVA showed a significant groups main effect
with the Competition Group having higher overall level of LH (F=$.72; df=1,58;
P=.02). The same significant effect was obtained for the record-fire day
where the Competition Group had higher LH over the six time points (F=6.06;
df=1,57; p<.02). No significant groups by time point interactions were
obtained for either day. The MANOVA on LH change values yielded no
significant 2ffects involving groups.

Prolactin (PRL)

Figure 19 presents data for the baseline day and Figure 20 for the
record-fire day. A MANOVA on the baseline day yielded a significant Groups x
Time Point interaction effect (Wilks' A = ,717; Fa7.38; df=3,56; p<.001;
univariate F=3.80; df=3,174; p=.01). This effect can be interpreted with
regard either to group differences at different time points or to different
group changes in response between time points. The Competition Group showed a
higher PRL level than the Control Group at -60 minutes (CV 01=0.80; p<.0l) and

at +15 minutes (CV 9g=0.61; p<.05); both groups showed significant decreases

in PRL early in the day: the Control Group PRL level dropped between -90 and -
60 minutes (CV 05=0.92; CV (4y=1.10; p<.01), and the Competition Group PRL
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Figure 13. Mean cortisol levels for Competition and Control Groups at four
sampling times on baseline day.
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sampling times on record-fire day (*N=39 post firing because of
catheter failure in one subject).
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level dropped significantly (CV 4g=0.65; CV 41=0.78; p<.03) between -60 and -

15 minutes. The MANOVA on the record-fire day also yielded a significant
Groups x Time Point interaction effect (Wilks' A = .716; Fed.20; df=5,53;
p=.003; vnivariate F=7,13; df=5,285; p<.001). The groups differed
significantly at -90 minutes (CV 45,=.87; p<.01), at +60 minutes (CV gg=.66;

p<.05), and at +120 minutes (p<.01). The Control Group showed a significant
drop in PRL from =90 to ~60 minutes (CV 4¢=1.10; CV 3=1.30; p<.05). The

Competition Group showed a significant rise in PRL from =15 to +15 minutes
(CV_o5=.78: CV oy=.92; p<.0S) after firing and a subsequent drop to pre-~firing

levels by +60 minutes (p<.01).

A MANOVA on change data for PRL from baseline to record-fire day
(see Figure 21) yielded no significant group treatment effects.

Growth Hormone (GH)

Baseline day data are presented in Figure 22 and record-fire day
data in Figure 23. For baseline day, the MANOVA showed a significant groups
main effect with the Competition Group displaying a significantly lower level
of GH over time (F=5.70; df=1,58; p=.02). The MANOVA on record-fire day
yielded a significant Groups x Time Point interaction effect (Wilks' A = .814;
Fe2.42; df=5,53; p<.05; univariate F=3.18; dfe5,285; p<.01). The Competition
Group mean GH was lower (CV.°5-2.67; p>.05) than the Control Group mean at the

three pre-firing time points, significantly higher at +15 minutes after firing
(CV 91=3.51; p<.01l), and lower (p>.05) again by +120 minutes. 'Between -15

minutes and +15 minutes, the Competition Group showed a highly significant
increase in GH level (CV 4g=3.15; CV 41%3.72; p<.01), while the Control Group

showed a decrease in GH (CV ,g=4.46; p>.05). After firing, the Competitien

Group showed a highly significant decrease back to pre-firing levels between
+15 and +120 minutes (p<.01), while the Control Group stayed within pre-firing
levels.

A MANOVA on GH changes from baseline to record-fire day (see
Figure 24) yielded a marginally significant Groups x Time Point interaction
effect (Wilks' A = .891; F=2.23; df£=3,171; p=.095; univariate F=3,32;
df=3,171; p=.021). The groups differed only at +15 minutes (CV.°5-3.29:

CV 01"4.33; p<.01).

Testosterone (7T)

The groups did not differ significantly in T levels at any of the
2) time points, nor did their patterns of response differ significantly over
those time points. The data for baseline and record-fire days are shown in
Figures 25 and 26.

The mean group changes in T are shown in Figure 27. The MANOVA of
the T change data yilelded a significant groups main effect (Fs5.54; df=1,57;
p=.02) reflecting the overall decrease in T for the Competition Group from
baseline to record-fire day compared with Contrgols.
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Figure 22. Mean growth hormone levels for Competit.ion and Contzrol Groups at
four sampling times on baseline day.
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Figure 25. Mean testosterone levels for Competition and Control Groups at
four sampling times on baseline day.
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Comparative Stress Values for Hormone Responses

In Figures 28 through 32, the SS study mean hormone values (+SEM) for
the Competition and Control Groups, at +15 minutes on record-fire day are
compared with values obtained by Northwestern University at the same time
point for (a) subjects during independent control conditions, (b) medical
students taking an important written examination, and (¢) men whose wives were
undergoing abdominal surgery (under general anesthesia). The +15-minute time
point was chosen for comparison because it yielded peak responses for most of
the hormones investigated, and it closely coincided with the times post-stress
pasychological measures were obtained. A MANOVA was conducted for a groups (S5)
by hormone (S) design. The overall multivariate test was highly significant
(Wilks® A = ,520; F=4.21; df=20,385; p<.001). The results of univariate tests
of the groups factor for each hormone are presented below.

Cortisol (see Figure 28)

The group variable univariate test for the cortisol measure
(F=2.25; df=4,119; p=.07) was only marginally significant. As shown in Figure
28, the S§S Competition Group showed the highest post-stress cortisol of any
group included in the research. However, because of the relatively small
numbers in many of the groups and the conservative nature of the statistical
tests chosen, none of the group differences achieved statistical significance
(CV_5=29.04). :

LH (see Figure 29)

The group variable univariate test for the LH measure (F=5.78;
df=4,119; p<.001) was highly significant. Post hoc tests (CV 4g=2.95;

CV 1=3.55) indicated that the SS Competition Group and the Written Exam Group

displayed highly significant elevated LH (p<.0l) and the Abdominal Surgery
Group showed significantly elevated LH (p<.05) as compared with the
Independent Control Group, that those three groups did not differ
significantly from each other, and that the S§S Control Group did not differ
significantly from any other group in LH response.

PRL (see Figure 30)

The group variable univariate test for the PRL measure (F~2.30;
df=4,119; p=.06) was only marginally significant. Although, as shown in
Figure 30, both SS gJroups displayed lower PRL than any of the Northwestern
{stress or control) groups, neither SS group differed significantly from any
of the Northwestern groups (CV.°5-1.93).

T (see Figure 31)

The group variable univariate test for the T measure (F=4.23;
df=4,119; p=.003) was highly significant. Post hoc tests (CV gg=1.5,

CV 91~1.8) indicated that both SS groups had T levels asignificantly higher

‘than that for the Independent Control Group (p<.01) and that no other group
differences were statistically significant.




105

o | —_—
g T s
o2 Iy -
55
N\
4i-;EL :i:::S Nf?ﬁ
WATTEN T IDEPENDENT |

Figure 28.

EXAM CONTROL CONTROL  COMPETITION

Comparison of 1S5-minute poat-stress cortisol levels for S§$S
Competition and SS Control Groups on record-fire day with those
for subjects in the Northwestern University conditions ({1) spouse
having serious abdominal surgery:; (2) taking an important medical
school written exam; or [3) independent non-stress control
condition) .
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GH (see Figure 32)

The ¢roup variable univariate test for the GH msasuze (F=7.92;
df=4,119; p<.001) was highly significant. Post hoc tests (CV ,¢=3.87,

Cv.01-4.65) indicated that the $S Competition Group displayed a GH response

level which was significantly greater than that for any of the Northwestern

groups (p<.0l1) and the 8§ Control Group (p<.05). No other group differences
were significant.

Performance and Hormone Responses

Separate Pearson's correlation matrices were computed for the
Competition and Control Groups. Correlations were obtained between record-
fire day performance scores (the number of targets hit in the semiautomatic
mode [SM] and burst mode (BM] and the total number of targets hit in both
mudes) and the various hormone values for all 10 time points during the
duseline and record-fire days. The significant relaticnships obtained between
performance and hormone levels during the 2 days are summarized in Table 2.
Correlations between the performance scores and the changesz in hormone
response levels from baseline to record-fire day were also computed;
significant correlations obtained are summarized in Table 3.

A total of 360 correlations was computed, and 20 were significant at the
P<.05 level of confidence--only two more than expected by chance. The
correlations that achieved statistical significance, however, tended to
cluster about a few variables, & fact that gives those correlations more
weight than if they had been more randomly distributed. The following limited
description of those clustered correlations was therefore deemed appropriate.

For the control condition, better performance in the semiautomatic mode
was associated with lower early morning PRL levels on baseline day and with
larger early morning increases in PRL from baseline to record-fire day.
Better performance for this group was also associated with increased T from
baseline to record-fire day. This was most pronounced for performance in the
burst mode +15 minutes after firing.

For the competition condition, performance appears to have been most
closely associated with levels of T. Semiautomatic mode performance was
associated with decreased T from baseline to record-fire -day. Better
performance in the burst mode, however, was associated with lower T during
both days, except near the time of firing on record-fire day. At +15 minutes
on record-fire day, better performance was associated with an increase in T
from baseline levels. This latter association is the only one that held for
both the Compstiticn and Control Groups.

DISCUSSION AND CONCLUSIONS

Within the context of this investigation, hormone data were collected to
assist in determining whether the firing competition was stressful to the

competing soldiers, and if so, to provide a means of determining the extent of
the competition stress.

Each of the hormone measures chosen has been shown by other
investigators to be responsive to at least some kinds of stress. The results,
described above and discussed below by hormone, generally indicated greater
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Table 2 !

Significant Correlations Between Hormone Levels and
Record-Fire Performance Scores

e .o

b
Group ;
Blood e
sampling (N=20) (N=40) 1
. Day time . Control (df£=18) Competition (df=38) b
i
Baseline :
PRL/SM PRL/TOT -
=90 minutes g=-~.48* p=-.52% :
PRL/SM PRL/TOT T/BM %
-60 mirnutes r=~.53* fe- 52% == 39
T/BM 5
=15 minutes Im=-, 34> ‘
T/BM
+15 minutes E=-.37*
Record Fire
T/BM T/T07T
=90 minutes Lw~.34% gm- 31+
=60 minutes 1
=15 minutes {
+15 minutes |
T/BM
+60 minutes L=~.32*%
+120 minutes
* p<,0S
SM - Targets hit in semiautomatic mode
PRL - Prolactin
BM - Targets hit in burst mode |
T - Testosterone
TOT - Total targets hit




Table 3

Significant Correlations Between Performance Scores and Change
in Hormone lLevels from Baseline to Record-Fire Day

GH
LH

Growch hormone
Luteinizing hormone

Group
Blood
sampling (N=20) {N=40)
tine Control (dAf=18) Competition (df=38)
LH/SM PRL/SM GH/SM T/SM
-%20 minutes =+, 55% e+ 45 T=+ 46" I=~.38*
T/TOT PRL/SM
=60 minutes Im+. 47> I=+,.52*
=15 minutes
T/BM T/TOT T/BM GH/BM
+15 minutes =+, 55 Zmd 45 L=+,39¢ Xe=-.,36*
* p<0,08
8M - Targets hit in semiautomatic mode
PRL ~ Prolactin
BM -~ Targets hit in burst mode
T - Testosterone
TOT ~ Total targets hit

hormonal stress responses to the test condition for soldiers experiencing
competition than for soldiers who experienced control conditions.

Coztisol

8ince Selye (1936) first introduced the stress concept, the hypothalamo-
pituitary-adrenal axis has been implicated in the stress response, and
hormonal measures indicating activation of the axis have served as primary
stress indices. In man, the adrenocortical hormone of choice has been
cortisol, and generally, elevations in serum cortisol have been considered to
indicate stress responses (Baseer & Rab, 1975, Chernow, Alexander, Smallridge,
Thompson, Cook, Beardsley, Fink, Lake, & Fletcher, 1987; Levine, 1978; Rubin,
Millez, Arthur, & Clark, 1970).

That the competition was stressful is illustrated by the highly
significant elevation in cortisol for the Compstition Group 15 minutes after
record firing. The Control Group (noncompetition) showed a similar but non-
significant elevation in cortisol in reaction to firing. When group cortisol
data were considered with regard to change from baseline to record-fire day,
the only significant change was a highly significant increase at +15 minutes
for the Competition Group.
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In the absence of any established procedure for determining the level of
stress experienced in any given situation, the HEL SS study data obtained for
hormonal and psychological measures were compared with data for the same
measures obtained by the same procedures in a variety of protocols conducted
by Northwestern University. Since the +1S5-minute time point yielded peak
responses for most of the hormones investigated in the 8S study, that time
point was chosen to compare stress and control values across studies. §S
Competition and Control Groups' cortisol values for record-fire day did not
differ significantly from those obtained for any group of stressed or control
subjects by Northwestern. Thus, the +1S5-minute cortisol measure does not
appear to be particularly sensitive to the different ("stress®) treatments
compared.

Luteinizing Hormone (LH)

Relatively little has been published about the effects of acute stress
on 1LH levels in humans. Based on recent animal and human studies, acute
stressors usually elicit transient elevations of LH, whereas chronic stressors
result in below-baseline 'avels (Briski & Sylvester, 1987; Hayashi & Moberg,
1987; Herbert, Moore, & de .a Riva, 1986; Johansson, Laasko, Peder, & Karonen,
1988; Sowers, Raj, Hershman, Carlson, & McCallum, 1977).

The consistently significantly higher LH level of the Competition Group
compared t. Controls during all 10 time points is not easily interpreted
relative to the available literature. No baseline was established at a time
more independent of or distant from the events surrounding competition. It is
not possible, therefore, to determine if the difference represents a baseline
difference between the groups because of some selection factor or some
prolonged effect in response to the competition experience extending from
anticipation on or before baseline day through recovery on record-fire day.
Comparison of the +15-minute time point results with those obtained by
Northwestern, however, indicates that the SS Control Group did not differ
significantly from the Northwestern Controls, while the SS Competition Group
had an LH level highly significantly above that for the Northwestern Controls,
lixe the levels for the two Nortawestern stress groups.

Prolactin (PRL)

The preponderance of evidence regarding the effect of acute stressors on
prolactin response indicates that the usual effect is one of enhanced
secretion (Delahunt & Mellsop, 1987; Mills & Chir, 1985; Seggie & Brown,
1982).

On record-fire day, the Competition Group. showed a clear significant
elevation in PRL from ~15 minutes to +15 minutes associated with firing during
competition (PRL dropped significantly to basal level by +60 minutes), while
the Control Group showed only an insignificant elevation during the same time
period.

With regard to the early morning PRL declines, it is noteworthy that
Sassin, Franty, Wertzman, & Kapen (1972) reported a dramatic association
between sleep and PRL levels. PRL levels were found to rise several fold
beginning shortly after the onset of sleep, fluctuated between 2.5 and 4.5
times basal level throughout the sleep period and then dropped back to basal
level within 2.5 hours after awakening. The lack of any decline in PRL in the
morning of record-fire day for the Competition Group could be attributable to

69

W

J A DU

el a v Y iab L 2 BAl




ol e e e i e Rl m e s ke 3k e s i & W B i * s bk .l i B - o % i’ - B ik 32wk

spontaneous early awakening by members of this group in aaticipation of the
competition, S _

While the Competition Group showed a clear PRL response to firing during
competition relative to its own baseline and relative to Control Grxoup levels,
comparison of +1S5-minute PRL levels for the present study with Northwestern
values did not reflect a stress response. The highest PRL levels obtained in
the present study were no higher than those for the Northwestern Independent
Control Group at that time point.

Growth Hormone (GH)

While GH is often used in satress studies, particularly when physical
stress is involved, the literature about this hormone suggests that changes in
blood levels of GH are not elicited as reliably in response to psychological
stress as are changes for the other hormones considered in this investigation.
As with the other hormones, however, the generally obtained direction of
response to acute psychological stress has been an increase (Brown & Heninger,
1976; Delahunt & Mellsop, 1987; Kosten, Jacobs, Mason, Wahby, & Atkins, 1984;
Rose & Hurst, 1975; Weitzman & Ursin, 1978).

In the present study, the most relevant finding was the significant
increase in GH shown by the Competition Group from 15 minutes before to 15
minutes after firing for record. The Control Group remained quite stable over
all time points for baseline and record-fire days. At times other than 15
minutes and 60 minutes after record fire, the Competition Group displayed GH
levels which were consistently lower than those for the Control Group. Since
there is no reason to suspect any difference in the physical activity of the
two groups in this study, the authors can offer no explanation for this group
differencs. :

Comparison of the present GH results with those obtained by Northwestern
suggests that the Competition Group was significantly more responsive than any
of the other groups that did not diffex significantly from each other. This
overall difference might be partially attributed to differences in physical
activity associated with blood collection (Chatterton, DelLeon-Jones, Hudgens,
Dan, & Cheesman, 1985). 1In the present study, the subjects had to walk about
30 yards and climb a short flight of steps between their waiting area and the
blood collection point, whereas the Northwestern subjects were relatively
inactive. Hartley, Mason, Hogan, Jones, Kotchen, Moughey, Wherry, Pennington,
& Ricketts (1972) have shown that physically well-trained (f£it) subjects, as
these subjects were, exhibit increasing levels of GH from rest, to mild, to
moderate levels of exercise. As noted above, however, this explanation does
not account for the highly significant difference in GH for the two 88 groups.

Testosterone (T)

While some investigators have recently reported that T is unaffected by
the stress of a major examination (Herbert et al., 1986; Johansson et al.,
1988), Cumming and Rebar (198S) found that T is increased by anticipation of
acute exercise. Furthermore, Delahunt and Mellsop (1987) reported that T has
been found to decrease in response to several moderate and enduring or chronic
stressors such as major surgery, illness, and exercise. MNavidson, Smith, and
Levine (1978) also found that T was suppressed shortly after an initial jump
in parachute trainees. However, they also found T levels to be enhanced 20
minutes after several subsequent jumps. They noted that the T response to
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acute psychological stress had not been elucidated for humans, This astill
appears to be the case.

Because the present investigation involved soldiers (trained fighters)
firing potentially 1lethal weapons during competitive conditions, it was
anticipated that aggressive tendencies might be reflected more in this
situation than in other stress protocols like those conducted by Northwestern.
Furthermore, other investigators have reported associations between T and
aggression. Persky, Smith, and Basu (1971) reported a significant positive
correlation between the production of T and expressions of aggression on a
hostility inventory by healthy young men. Two groups of investigators
(Ehrenkrantz, Bliss, & Sheard, 1974; Kreutz & Rose, 1972) have reported
significantly higher T levels in prisoners with histories of chronic violence
as compared with prisoners without such histories.

The T levels obtained for both groups in the present investigation were
higher than in any protocol conducted by Northwestern to date. This supported
the authors' expectancy for the soldier subjects. Support also was provided
for the hypothesis that T levels in the $$ Competition subjects were related
to a tendency to be aggressive; $§S Control Group hostility scores after firing
were as high as any obtained by Northwestern and were significantly higher for
the $S Competition Group. Those findings are presented and discussed in more
detail in Chapter 4. It is unlikely that the high T levels for the soldiers
in this study, relative toc the subjects in the Northwestern protocols, can be
accounted for by an age difference. Vermeulen, Rubens, and Verdonck (1972)
reported that the mean range of plasma testosterone levels remains constant
from adolescence to age 50, drops only moderately during the sixth decade, and
drops progressively more rapidly through the seventh, eighth, and ninth
decades. Although the mean age of the soldiers (21.9 years) is a 1little
younger than for subjects in the Northwestern protocols, the mean ages for all
groups cited is well within the 20- to S0-year range where T remains stable.

Superimposed on these relatively high levels of T in the Competition
Group was a significant suppression of T arcund the time of record firing
relative to baseline day values. This suppression was not exhibited by the
Control Group.

The consistently high levels of T obtained for the subjects in this
study heve been interpreted as reflecting the generally high level of
aggression in these subjects relative to the Northwastern subjects. These
high levels could be interpreted alternatively as reflecting high anxiety,
presumably anxiety about firing for record, in line with findings reported by
Cumming and Rebar (1985). While quite possible, this interpretation seems
less plausible because the two groups responded so similarly. It is the
suppression of T shown by the Competition Group, and not the Control Group, on
record=-fire day that seems more likely to reflect a stress response like that
reported by Davidson et al. (1978).

Performance and Hormone Responses

In addition to providing information about the presence or absence of
~ stress and the degree of stress experienced, the physiological and
psychological data obtained in this study provide information about which
measures might show relationships to performance. The study suggests that
PRL, and particularly T, might relate to rifle-firing performance. During
relatively noncompetitive conditions (Control Group), rifle-~firing performance
for the semiautomatic mode was significantly related to early morning PRL




levels obtained the day before record firing. This same performance was
related to the change in early morning PRL levels from baseline to record-fire
day. Better semiautomatic mode performance was thus related to lower PRL
levels on baseline day and by greater increases in PRL from baseline to
record-fire day for soldiers firing during conditions normal for weapons
qualification, familiarization, and testing. Their burst mode performance,
however, related best to increased T from baseline to record-fire day.

Performance during the competitive conditions of this study (Competition
Gzoup) was most related to levels of T. Better performance within the
Competition Group in the burst mode was related to relatively lower levels of
T on baseline day at all time points and on record-fire day at times remote to
the time of firing. Near the time of firing, burst mode performance related
best to increased T from baseline to recorxd-fire day. Better performance for
this group in the semiautomatic mode was related to a relatively greater
decrease in T from baseline to record-fire day at -9%0 minutes. While a
relationship between T and firing in competition was anticipated, no
explanation is apparent for the relationship being limited to performance in
the burst mode. Also, there is no ready explanation for why PRL was relsted
to performance for the Control Group and not the Competition Group. Further
study will be required to determine the reliability of these relationships
between hormone levels and performance.

Competition as a Stressor

One of ths primary purposes in conducting this study was to make a
preliminary evaluation of competition as a stressor. If the competition
generated in this study proved stressful, it would indicate that competition
might be an important component in developing procedures for testing human-
machine systems during stressful (and therefore more realistic) conditions.

The hormone findings within this study provide good evidence that
subjects in the competitive condition were more stressed than subjects in the
contxol condition. On record-fire day, cortisol was significantly elevated 15
minutes after firing, relative to prefiring levels, for the Competition Group
but not the Control Group. LH was elevated during all timo points for the
Competition Group relative to the Control Group. This was interpreted as
possibly reflecting greater generalized anxiety for the group expecting to
fire for record during competitive conditions. This interpretation is
generally in line with the findings reported in Chapter 4 £b6r the anxiety
measures. The Competition Group showed significant increases in PRL and GH 15
minutes after firing, relative to prefiring levels, while the Control Group
did not. And for the T measure, the Competition Group exhibited a suppression
of T for record-fire day relative to baseline day, and the Control Group did
not. While the literature at this time is not always clear about what should
be expected in the way of a "stress response” for a given hormonal measure in
all situations, it is clear from our findings that the SS groups differed in
their responses within the study. Furthermore, the differences obtained can
be, and have been, related to predominant stress response patterns reported in
the literature.

Further evidence that the competition condition in the 88 Study resulted
in increased stress response beyond that of the control condition was p.ovided
by the compariscns of hormone levels 15 minutes after flring for record for
both groups with hormone levels similarly obtained for stress and control
¢ aditions at Northwestern University. While no statistically significant
group differences were obtained, the cortisol level obtained for the S8
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Competition Group was the highest obtained for any of the groups compared.
The §8 Competition Group LH level was significantly higher than the
Northwestern control level, as were the levels for the Northwestern stress
groups, while the SS Control Group level did not differ significantly from
Northwestern control level. The SS Competition Group GH was significantly
elevated in comparison to all other groups. While this latter finding for GH
suggests that competition might generate a high stress level, the findings for
the other hormones suggests a more moderate stress level, in the range of that
found for the Written Exam Group.

In this study, as in virtually all studies reported in the literature,
not all subjects exposed to the experimental stress condition appear to have
heen stressed. Individuals' thresholds for stress vary. Most stressful
situations do not stress everyone. This is most likely to be the case for low
and moderate intensities of stress. As the stress intensity is increased,
however, the threshold for atress will be reached for a greater percentage of
individuals (Levine, Weinberg, & Ursin, 1978).

This study demonstrated that competition can be used during conditions
like those used in this study to stress groups of subjects. It is not clear,
however, whether competition can be manipulated within current human use
guidelines to achieve even higher levels of stress. And, in the evaluation of
human-machine weapon systems during stress, it seems reasonable that the
streas used should be of high intensity, which would be expected in combat
situations. It is during such high intensity stress conditions that the
human-machine system's performance is most likely to be adversely affected.

Since no good alternative presently exists as a means of stressing
subjects in systems evaluation, and since competition as created in this study
has now been shown to be at least moderately effective in this regard, it
appears that some effort should be directed toward determining what steps are
necessary to make competition a more effective stressor. The importance of
testing systems during stressful conditions may require testing subjects
during other than minimal risk conditions. '

¥While there is no indication that hormone or other physiological
measures will be necessary elements of any eventual standing operating
procedure (SOP) involving competitive stress, these measures have been
critical to the evaluation of competition as a stressor. The continued
development and refinement of stress metric indices, both physiological and
psychological, will be critical to the achievement of a reliable method for
stressing subjects and systems to a level that models combat stress
conditions.




CHAPTER 4

PSYCHOLOGICAL RESPONSES TO COMPETITIVE MARKSMANSHIP
(L. T. Fatkin, G. A. Hudgens, J. P. Torre, Jr.,
J. M. King, R. T. Chatterton, Jr.)

INTRODUCTION

The evaluation of psychological and physiological responses of soldiers
performing combat-relevant tasks during stressful conditions is a critical
. step toward accounting for the human factor in battle outcomes. The
psychological data presented here were obtained as components of the
competitive stress evaluation program and projected Advanced Combat Rifle
(ACR) field evaluation discussed in previous chapters.

Projected fundamental contributions of this program include the
development of standard procedures for soldier-equipment performance testing,
2as well as a determination of which c¢ombination of psychological and
physiclogical indices would provide efficient and reliable measurements of the
stress experienced. In the present study, these indices will be used to
determine (a) whether the soldiers involved in competitive marksmanship
exhibited typical stress responses; (b) the level and intensity of their
stress experience; and (c) how the level of stress related to their
marksmanship performance.

The predominsnt view of what constitutes the experience of stress is a
multifaceted, dynamic, and interactive process with psychological and
physiclogical dimensions. The interactive model of stress used within the HEL
Stress Research Program includes the following dimensions:

STRESS INDIVIDUAL UNIQUE STRESS RESPONSE
VARIABLES x VARIABLES - PROFILE

KIND PERSONALITY PHYSIOLOGICAL VARIABLES

INTENSITY EXPERIENCE PSYCHOLOGICAL VARIABLES

TIMF. VARIABLE

The type and intensity of the stressor, as well as a variety of
individual variables (e.g., persconality, perceptions, experience, or outcome
expectations) are examined. These variables may result in unique
physiological and psychological response profiles within the anticipation and
recovery phases.

Lazarus (1966) conceptualized ustress within the general context of
homeostasis; a state of stress is produced when stressors (environmental or
social) tax or exceed an individual's adaptive resources. The stressful state
will be characterized by the arousal of various emotions of negative affect
(e.g., uncertainty, frustration, irritability, tension, fear, or sadness) as
well as a variety of positive affects (e.g., excitement, enthusiasm,
curiosity, or adventure). Lazarus emphasized that few general claims can be
made regarxding psychological responses to stress because individual
differences permeate every step of the process of stress arousal and
reduction. Hogan and Hogan (1982) observed that although this pervasiveness
of individual differences in stress reactions has been noted in literature




-reviews during the past 3 decades, valid and reliable measures of an
individual's stress proneness or vulnerability, perceptions and appraisals of
the stressors, expectations, experiences, moods, and coping resources are
rarely used within the same study. The present atudy included measures of the
above factors to test the stress generated by unit competition. This chapter
.evaluates the stressfulness of the situation by using the battery of
psychological measures and comparing the levels of stress-related responses
reported with those obtained in other protocols coanducted as part of the HEL

stress program.

| - METHOD
Subjects

Subjects were described in Chapter 1.
Demographic Information

A general information questionnaire was administered to all subjects 2
days before the weapon firing was scheduled. The questionnaire was used to
obtain pertinent demographic and medical information, including age, pay
grade, length of service, education level, physical profile status, current
use of prescription and non-prescription drugs, current weapons qualifications
(numbexr of differant weapons), last weapons qualification achisved
(sharpshooter, marksman, expert), total rounds fired, and specialized training
(sniper school, formal small arms training, etc.).

Psychological Measures and Proceduces

Psychological measures vere obtained using a battery of standardized
questionnaires designed to assess the subjects' perceptions of unit cohesion
and morale, amount of curreut life stress, personality traits, coping
strategies, and perceptions of stress, Personality, unit cohesion, and
general life stress measures were obtained 2 days before the competitive
weapons firing was scheduled, for both the Competition and Control Groups.
The stress perception and coping measuzes were completed by the subjects 10
minutes before and after the firing interval, as indicated in Figure 33. The
measures given just before the firing interval assessed how the subjects were
feeling “"right now,” while the post measures instructed them to rate how they
felt “"during the firing event or control interval.” Each of the measures
used was designed to be self-administered, relatively brief, and easily given
to individuals or groups.

Perceptions of Unit Cohesion and Morale
Two measures ot.unit perceptions were

1. The Unit Cohesion and Morale Questionnaire (Marlow, Furikawa,
Griffith, Ingraham, Kirkland, Martin, Schneider, & Teitelbaum, 1985) required
each individual to rate his perception of his unit's level of morale and
readiness for combat, and his confidence in his leaders and weapon systems,
using a five-point scale.

2. The Squad-Platoon Perceptions Questionnaire (Marlow et al.,
1985) asked each individual to indicate (on a S-point scale) the degree to
which he agreed or disagreed with statements concerning squad platoon members
and his leaders.
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Amount ¢f Current Life Stress

The Life Events Form I and II (see Appendix E) was used to assess
the amount and type of naturally occurring stressors that the subjects may
have been experiencing at the time of the study. The Life Events Form I,
administered on the ssme day as tha personality measures, asked subjects to
rate the amount and type of stress they had "recently" experienced. The Life
Events Form II was ezdministered at the start of each test day (baseline day
and record-fire day) and asked subjects to rate the amounc and type of stress
they experienced within "the last 24 hours."

Trait Measures
The following trait measures were used:

1. The State-Trait Anxiety Inventory (STAI) Form Y-2
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) consists of 20
statements that assess how the respondents “"generally™ feel. The essential
qualities evaluated by the STAI were feelings of apprehension, tension,
nervousness, and worry.

2, The Multiple Affect Adjective Checklist--Revised (MAACL-R)
General or Trait form (Zuckerman & Lubin, 1985) consists of five primary
subscales (Anxiety, Depression, Hostility, Positive Affect, and Sensation
Seeking) derived from a one-page list of 132 adjectives. An overall distress
score, Dysphoria or Negative Affect, was calculated by adding the Anxiety,
Depression, and Hostility scores. The respondents were instructed to check
all the words that described how they "generally™ feel.

Raw scores for each subscale were converted to standardized
scores. The standardization sample for the MAACL-R Trait form was the general
population stratified sample. To control for small, moderate, or large
individual response sets, both the Trait and State forms are standardized
within different ranges of total number of items checked.

3. The Sensation Seeking Scale (SSS), Form V (Zuckerman, 1979)
contains four subscales (Thrill and Adventure Seeking, Experience Seeking,
Disinhibition, and Boredom Susceptibility). Respondents were presented with a
40-item, forced choice questionnaire that was titled, "Interest and Preference
Survey." A "Total" score, which was based on the sum of the four subscale
scores, was used. ‘

4. Rotter’'s Internal-External Scale (Rotter, 1966) was used as a
measure of locus of control. Respondents were asked to complete 29 forced
choice items (including six "filler" stacamonta) relating to their locus of
contrel beliefs. If individuals perczived that an event was the result of
luck, chance, fate, or as being controlled hy powerful others, it constituted
a belief in "external" control. If they perceived that the event was
contingent upon their own behavior or thelr own r.latively permanernt
characteristics, it was a belief in "internal™ control.

5. The Eysenck Parsonality Questionnaire (EPQ) recognizus three
distinct dimensions of personality: Extraversion-Introversion (E),
Neuroticism (N), and Psychoticism (P) (Eysenck & Eysenck, 1975). When the
EPQ-P and EPQ-N scales were used for measuring personality traits in normal
persons, Eysenck and Eysenck (1975) descr.bed them as measures of
“"emotionality,” "toughmindedness," or "stability-instability.”
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Coping Measures
Msasures of coping included

1. The Revised Ways of Coping Checklist (RWCCL) (vVitalizano,
Russo, Carr, Maiuro, & Becker, 1985) identified five individual coping
efforts: problem-focused thoughts or behaviors, seeking social supposrt,
wishful thinking, blaming self, and avoidance. Raw scores were converted to
relative scores to eliminate bias rasulting from differenies in the number of
items on each scale (Vitaliano, Maluro, Rustso, & Becker, 1987). .

2. A Coping Efficacy scale asked respondents to rats (from 1 to
10) their level of confidence in their ability to do well. This scale was
adapted from a self-efficacy scale developed by Bandura (1977) for
investigating the predictive power of efficacy expectations about behavior or
pexformance. Bandura (personal communication, December 31, 1985) suggested
that self-efficacy scales be tailored to the testing situation through simple
modifications of the instructions.

Stace Measures

A S-minute battery of stress perception measures was given
immediately before and after the compatitive firing on reccrd  .ire day and
before and after a comparative interval on the praviocous baseline day. The
battery included

1. Form Y-1 (State Form) of the STAI (Spielberger et al., 1983). ’

2. The Today Form of the MAACL-R (Zuckerman & 'wbin, 1985).
Because of the improved discriminant validity und the control of the checking
response set, the MAACL-R has been particularly suitable “or investigations
that postulate changes in specific affects in respcn.e to stressful
situations.

3. The Subjective Stress Scale (SUBJ STRESS) was developed by
Kerle and Bislek (1958) to detect significant affective changes in stressful
situations. subjects were instructed to select one word from a list of 15
adjectives that best described how they felt.

4. The Specific Rating of Events scale (SRE), was a post-measure
designed for this program, in which the subjacts rated (on a’ scale of " to
100) how stressful the event was to them. This scale is included in Appendix
E.

RESULTS
Salvo Stress Study Group Differences
Demographic Data
Multivariate analyses of variance (MANOVAs;, indicated that there
weie no significant differences betwzen the Control and Competition Groups
concerning demographic factors such as age and rank, nor were differences

found in variables reflecting type and amount of military experience, such as
length of sexrvice and cui’ .nt weapons qualifications.
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Unit Cohesion and Morale

There were no significant differences in unit perceptions
cuncerning leadership qualities, level of morale, readiness for combat, or
level of unit confidence between the 101st and the 82nd Airborne Divisions.

Trait Measures
A MANOVA indicated that there were no significant differences

between the Competition Group and the Control Group concerning the trait
measures used.

VRIS "I T )

Coping Measures
' The coping data were also analyzed using MANOVA, which included
the five subscales of the RWCCL (kroblem~focused, PFOC; Social 3upport, SUPP;
Wishful Thinking, WISH; Blaming Self, BLAME; and Avoidance, AVOID), and the
Coping Efficacy scale. There were no significant differences in these coping
measurvs botween the two groups.

State Measures

MANOVAS indicated that there were significant group differences in
the state wasures only for record-tire day. Subsequent separate MANOVAs were
conducted ‘bout the variables to test tvie effects and iateractions of groups
(Corpetitio. and Control) x Measures (nire state measures) x Period (Pre and
Post) . '

A thre~-way iateraction effact for Groups (2) x Measures (9) x
Pre/Post Pa<iod (2) was significant (Wilks' A = .678; F(8,45)= 2.67, p=.017)
for record-fire day only. Subsequent MANOVAS were conducted fur each state ]
measure, using Groups (2) x Period (2) designs. Post hoc tests conducted of
the signifirsant interactions used the Tukey-Kramer modification of the Tukey j
HSD tesc whicn was appropriate for comparisons with unequal numbers of
observationa (Wilkinsca, 1988, p.709). Figures 34 through %J present mean
responses (+standard error of the me«n, SEM) for these variables.

STAI Anxie.y (see Figure 34)

] There was a groups main effect indicating that the
Competition Group reported nhiyhur Anxiety scores than the Control 3roup
(F(1,53)= 4.23, p=.045). A Peciod mair effect indicated that the Anxiety
scores increased significantly from pre- to post-fiiing periods (F(1,53)e
11.13, p=.0%2).

Sib-iyctive Stress Scale (SUBJ STRE3S) (see Figure 35)

Although the Groups x Period interaction effect was not
significant at p<.05 (F(1,53)= 3.40, p=.07), the pattern of responses for each
group is worth noting. As il.ustrated in Figure 35, while the stress rating
for the period during the weapon firing (post measure) incroared slightly for
the Competition Group, the rating decreased for the Control Greup.
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for the Competition and Control Groupe on baseline day and record-
fire day. :
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Figure 36. Mean stress ratings from the Specific Rating of Events scale for
the Competition and Control Groups on baseline day and on record-
fire day.
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Figure 37. Mean pre- and post-stress MAACL-R Anxiety scores for Competition
and Control Groups on baseline day and on record-fire day.
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Figure 38. Mean pre- and post-atress MAACL-R Hostility scores for the
Competition and Control Groups on baseline day and record-fire
day.
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fire day.




Specific Rating of Events (SRE) (see Figure 36)

. As described in the Methods section, the SRE was a post
mesasure given once on baseline day and once on record-fire day. Whereas all
other state measures were analyzed using a2 Groups x Period design, the :
analysis for this measure was conducted using 8 Groups x Days design. A : e
Groups main effect indicated that the Competition Group reported significantly
higher atress ratings than the Control Group (F(1,%8)= 6.05, p=.017). There
was also a significant days main effect that indicated a significant increase
in stress ratings from baseline day to record-fire day (F(1,58)= 68.76,
P<.001). Post hoc tests conducted of the Groups x Days interaction (F(1,%8)=
4.56, p=.037) using the modified Tukey HSD Test yielded a critical value for
.alpha=.01 (CV o) of 12.98 and CV gg= 9.75 for group comparisons within days.

This indicated that the Competition Group rated the weapon ftiring
significantly more stressful than the Control Group did on record-fire day
(p<.01).

MAACL-R Anxiety (see Figure 37)

A groups main effect indicated that the Competition Group
reported significantly higher Anxiety scores than the Control Group did
(F(1,58)~ 11.30, p=.001).

MAACL-R Hostility (see Figure 38)

A groups main effect indicated that the Competition Group
reported significantly higher Hostility scores than the Control Group did
(F(1,58)= 7.98, p~.006), and a Period main effect indicated that post-firing
Hoatility scores were significantly higher than the pre~firing scores
(F(1,58)= 32.95, p<.001). Post hoc tests conducted of the Groups x Period
interaction effect (F(1l,58)= 5.26, p=.026) using the modified Tukey HSD Test
yielded a CV 9= 13.77 and CV 4¢= 10.33 for group comparisons within time

period. This indicated that while there were no group differences in
Hostility during the pre-firing period, the Competition Group reported post-
fizing Hostility scores that were significantly higher than the Control Group
did (p<.01).

MAACL~R Sensation Seeking (see Figure 39)

A significant Period main effect indicated.a significant
overall increase in Sensation Seeking (SS) ratings from pre to post measures
(F(1,58)= 28.70, p<.001). Post hoc tests conducted of the Groups x Pericd
interaction effect (r(1,58)~ 14.80, p<.001) using the modified Tukey HSD Test
yielded a CV 49= 5.59 and CV ,¢= 4.20 for group comparisons within time

periods. This indicated that the Competition Group reported a significantly
higher pre-firing §5 level than the Control Group 4did (p<.01), while the .
zeverse is true for the post-firing time period (p<.05).

For testing within-group differences across time periods,
CV 01v 4.54 and CV ¢~ 3.40 for the Competition Group and CV g4~ 6.41 and ‘

CV ggs= 4.82 for the Control Group. While the Control Group showed a

significant increass in Sensation Seexing scores from the pre to post measurss
{(p<.01;, the Competition Group did not.
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MAACL-R Positive Affect (see Figure 40)

A period main effect indicated significant decreases in
Positive Affect from the pre to post time periods (F(1,58)= 27.03, p<.00l).

As Figures 34 through 37 illustrate, the response patterns
for the STAI Anxiety, the Subjective Stress Scale, and the SRE Anxiety
measures are all remarkably similar to the MAACL-R Anxiety measure.
Consequently, to avoid repetition, further discussion of statistical results
of the anxiaty response is based primarily on the MAACL-R Anxiety measure. 1In
addition to the MAACL-R Anxiety subscale, the other MAMNCL-R subscales
(Depression, Hostility, etc.) are discussed. - : o

Comparative Stress Data

As in the previous chapter for the physiological data, the profile of
psychological responses obtained from the SS study are compared with profiles
obtained in the Surgical and Medical Examination protocols conducted at
Northwestern University. All measures compared below are stress perception
measures taken on the day of the stress event for the respective protocols
(see Figures 41 through S1), except for the Northwestern non-stressed Control
Group ("Independent Contzrol®). A MANOVA indicated there wera significant
differances batween the groups for several of the measures (Wilks' A = .142;
F(60,419)= 4.%4, p<.001). Once again, the Tukey-Kramer modification of the
Tukey HSD test was used to conduct the post hoc tests of these measures to
determine where the significarit group differences occurred.

State Measures
MAACL=R Anxiety

Figures 41 and 42 illustrate how tlhe Anxiety ratings
reported by the soldiers in the salvo stress study ("SS Control"” and ™S§
Competition Groups") compared with ratings obtained for the same measure for
the groups studied at Northwestern University. Post hoc tests of the pre-
stress Anxiety measure yielded a CV 451 19.18 and CV gg= 16.07 for comparisons

between all the groups. This indicated that both Control Groups reported
significantly less anxiety than the exam (p<.05) or surgical group (p<.01).
Post hoc tests of the post-stress Anxiety measure yielded a CV o1~ 17.67 and

CV o5~ 14.81 for group comparisons. These data indicate that in the post-

firing period, the SS Competition Group had a significantly higher level of
anxiety than the SS Control Group did (p<.05), and had a level of anxiety
associated with a moderate level of stress (about comparable to taking a
written exam).

MAACL-R Depression

As illustrated in Figure 43 (pre stress), both the 8§
control end SS Competition Groups reported significantly lower levels of
depression than the spouses from the Surgical study (Tukey HSD CV 5= 10.08;

p<.05). Figure 44 (post stress) illustrates that the Independent Control
Group (Tukey HSD CV.OI' 22.46; p<.01) and both the §8 control and S8

Competition Groups reported significantly lower depression levels.than the
spouses did (Tukey HSD cv.os- 18.83, p<.05).
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Comparison of nean pre-stress MAACL-R Anxiety for S8S Competition
and 88 Control Groups on record-fire day with those for subjects
in the conditions ([1] spouse having serious abdominal surgery;
[2]) taking an important medical school written exam; or [3)
independent non-stress control condition). '
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Comparison of mean post-stress MAACL-R Anxiety for SS Competition
and S$ Control Groups on record-fire day with those for subjects
in the conditions ((1] spouse having serious abdonminal surgery:
(2) taking an important medical school written exam; or (3]
independent non-stress control condition).
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Figure 43. Comparison of mean pre-stress MAACL-R Depression scores for 88
Competition and 88 Control Groups on record-fire day with those
for subjects in the conditions ((1]) spouse having serious
abdominal surgery:; (2] taking an important medical school written
exam; or {3) independent non-strxess control condition).
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Figure 44. Comparison of mean post-stress MAACL-R Depression scores for S8
Competition and SS Control Groups on record-fire day with those
for subjects in the conditions ((1) spouse having serious
abdominal surgery:; (2) taking an important medical school written
exam; or (3] independent non-stress control condition).
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Figure 45. Comparison of mean pre-stress MAACL-R Hostility scores for SS§
Competition and $S Control Groups on record-fire day with those
for subjects in the conditions ((1) spouse having serious
abdominal surgery:; (2) taking an important medical school written
exam; or (3) independent non-stress control condition).
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Figure 46. Comparison of mean post-stress MAACL-R Hostility scores for S§
Competition and 8§ Control Groups on record-fire day with those
for subjects in the conditions ([l1l) spouse having serious
abdominal surgery:; (2] taking an important medical school written
exam; or (3] independent non-stress control condition).
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Figure 47. Comparison of mean pre-stress Sensation Seeking scores for SS
Compsetition and $S Control Groups on record-fire day with those
for subjects in the conditions (([1] spouse having serious
abdominal surgery; (2] taking an important medical s.hool written
exam; or (3] independent non-stress control condition).
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Comparison of mean MAACL-R Sensation Seeking sccres for §S
Competition and SS Control Groups on record-fire day with those
for subjects in the conditions ((1) spouse having serious
abdominal surgery; (2] taking an important medical school
written exam; or (3) independent non-stress control conditioen).
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Comparison of mean pre-stress MAACL-R Positive Affect scores for
SS Competition and SS Control Groups on record-fire day with
those for subjects in the conditions (({l1) spouse having serious
abdominal surgery; [2) taking an important medical school written
exam; or [3) independent non-stress control condition).
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for subjects in the conditions ([l]) spouse having sarious
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MAACL-R Hostility

Thers were no significant differences in Hostility between
any of the groups during the pre-stress period (see Figure 45). However,
post-stress ratings (see Figure 46) indicated that the SS Competition Group
reported significantly higher ratings of Hostility after firing for record
than any other group did (Tukey HSD CV 5= 19.05; p<.0l). The SS Control

Group did not differ significantly from any group except the SS Competition
Group. _

MAACL~-R Sensation Seeking

Figures 47 and 48 illustrate the difference in Sensation
Seeking ratings between the SS groups and those from the Surgical and
Examination Studies. Although the S$S Competition Group did not differ from
the SS Control Group or the Exam Group for the pre-stress Sensation Seeking
measure, they reported significantly higher ratings than the Independent
control and Surgical groups did (Tukey HSD CV 4y= 8.60; p<.01) for that time

period. Both the SS Control and SS Competition Groups reported significantly
higher Sensation Seeking during the stress event (post measure) than did any
of the other groups studied to date (Tukey HSD CV 4¢= 7.86; p<.01).

MAACL-R Positive Affect

There were no significant group differences in pre-stress
Positive Affect (see Figure 49). However, as illustrated in Figure S50 (post
stress), both S$S groups and the Exam group reported significantly lower
Positive Affect than the Independent control did (Tukey HSD CV qgg= 6.00;

p<.05).
Specific Rating of Event.

The SS Competition Group reported significantly higher
stress ratings than the SS Control Group (Tukey HSD CV 5g¢= 19.09; p<.05) and

the Independent Control Group did (Tukey HSD CV 4% 22.78; p<.0l) and stress

ratings similar to the those reported by the Surgical and Exam groups (see
Figure 51). Although the S§S Control Group did not report stress ratings that
were significantly different from those of the Independent Control Group or
the Exam group, they experienced significantly less stress than the Surgical
group did (Tukey HSD CcV 01~ 22.78; p<.01).

Components of Negative Affect

Results from the above analyses of group differences and from the
comparative stress data indicated particularly high post-stress hostility
levels for the SS Competition Group. 1In the SS study, individual performance
was at stake and well publicized, creating a situation that was more of a
personal threat to the ego versus one that involved an indirect threat or
concern for another person's welfare (e.g., spouses in the Surgical study).
Therefore, it appears that the soldiers' expectations of how they should
perform and their appraisals of how well they were performing were expressed
as components of negative affect.

As stated earlier, the three components of negative affect include
hostility, depression, and anxiety. 2uckerman (personal communication, April
3, 1989) defined hostility as "the individual's frustration level, " depression
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as "a personal sense of failure,™ and anxiety as "a measure of uncertainty.”
Based on the SS results, it appears that in a situation involving the
evaluation of individuzl performance, two componaents of negative affect,
frustration level and sense of failure, tend to dominate as factors reflecting
a more self-oriented perception of the stressfulness of the situation. For
example, the individual will experience either a sense of frustration or
failure based on a combination of his or her personal expectations of how well
s/he should perform and his or her appraisal of how well s/he is pearforming.

Uncertainty, on the other hand, appears to relate more to the
individual's perception of the circumstance or situation and lack of
information about what might happen. This reflects a more externalized
process, a "what if" phenomenon, as opposed to the more internalized process
("I know I'm not doing well") reflected in the self-oriented dimension of
negative affect.

In a series of investigations of variations in affect of Army platoons
undergoing basic combat training (BCT), a divergence between components of
negative affect at certain stress points in the BCT cycle has been reported.
To describe the relationship between the two distinct processes of stress
perception (self-oriented versus external) for the SS$ subjects, an affect
divergence score was devised. MAACL-R Hostility and MAACL-R Depression scores
were combined, and MAACL-R Anxiety was then subtracted (affect divergence
score = [Hostility + Depression] - Anxiety). A divergence between the
Hostility + Depression total and the Anxiety score would result in a high
score on the affect divergence score. This would indicate a relatively high
level of frustration and sense of failure with relatively little uncertainty.
This new measure was included in the correlation matrix used below to evaluate
relationships between psychological measures and performance.

Correlations with Performance

Pearson's correlation coefficients were computed for the SS groups
between the performance measures (the number of targets hit in the
semiautomatic and burst modes) and the military experience, psychological, and
coping measures. As indicated in Table 4, correlations were computed for all
60 subjects for the military experience and trait variables. However,
correlations were computed separately for the Competition Group (N=40) and the
Control Group (N=20) for the state-related variables. Performance was
measured by the number of targets hit in each mode. The total number of
possible hits was 72 per mode.

Performance and Military Experience

Since no significant differences between groups were found for the
military experience variables, Pearson correlation coefficients were computed
between these variables and performance f»or the combined SS groups. As shown
in Table 4, length of service and cucrent weapons qualifications correlated
significantly and positively with performance. While a longer length of
service was associated with better burst mode performance, the number of
weapons for which the soldier was currently qualified was positively
correlated with semiautomatic mode performance.
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Tahle 4

Significant Correlations With Performance

Correlations with

Measure Group performance (SM%, BMP)
Military experience All Length of Service/BM,
(N=60, df=58) L = +0,33*
Current Weapons Qualif/SM,
X = 40,26~
Trait measures All MAACL-R Depression/SM,
(N=60, df=58) L= =-0.31»
MAACL~-R Hostility/SM,
L =-0.29*
MAACL~-R Negative Affect/SM,
L = =0.36%*
Coping measures Control : AVOID/BM, L = =0.46*
(record-fire day) (N=20, df=18)
State weasures (post) Competition MAACL-R Sensation
(record-fire day) Seeking/SM,
(N=40, df£=38) L = +0.55%*

MAACL-R Sensation
Seeking/BM, £ = +0.41**
Affect Divergence Score/SM,
r = ~0.33*

Affect Divergence Score/BM,
L = -0.,35*

Control MAACL-R Hostility/BM,
(§=20, df=18) E = ~0.46*
Affect Divergence Score/BM,
X = =0.50

4SM = Targets hit in semiautomatic mode
PEBM « Targets hit in burst mode

* = p<,05

** = p<,01
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Performance and Psychological Responses
Trait Measures

As indicated in Table 4, Trait Depression and Trait
Hostility were both significantly and negatively correlated with performance
in the semiautomatic mode of fire. 1In other words, individuals who reported
feeling "generally"” depressed or hostile did not perform as well in the
semiautomatic mode as those with lower trait Depression and Hostility.

Coping Measures

Separate Pearson correlation coefficients were computed for
the Competition and Control Groups between the coping measures and performance
scores. There were no significant correlations between baseline day coping
measures and record-fire day performance. There were, however, significant
correlations between coping measures obtained on record-fire day and
performance. As indicated in Table 4, a significant negative correlation was
found between the Avoidance subscale of the RWCCL and burst mode performance
for the Control Group only. Those individuals who reported sleeping whenever
they could and generally avoiding others did not perform as well as those who
were more situationally oriented.

State Measures

Separate correlations were also performed for the
Competition and Control Groups for the stress perception measures. Once
again, there were no significant correlations between baseline day state
measures and record-fire day performance. There were, however, significant
correlations between state measures obtained on record-fire day and
performance. As indicated in Table 4, Sensation Seeking scores (post measure)
were positively correlated with both semiautomatic and burst mode performance
for the Competition Group. While negative correlations were found between
post-firing Hostility scores and burst mode performance for both groupe, the
correlation was significant for the Control Group only.

The Affect Divergence Score, however, proved more sensitive,
correlating significantly and negatively with performance for both the
Competition and Control Groups. Those soldiers who felt they were not
performing according to their own or other's expectations appeared to feel
more frustrated. Those who were more critical of themselves during the task
were not performing as well in the semiautomscic mode as those who were not.

Individual Dirfcrences
Trait Measures

To address the effect of individual variability 4in stress
response, cluster analysic was performed using Version 4.. of the statistics
software package, SYSTAT (Wilkinson, 1988). <Cluster analysis is a method of
statistically grouping subjects based on the dependent measures (e.g.,
evaluating whether the subjects tend to fall into groups having similar
characteristics). It minimizes the variance for each cluster across the

measures so that the result is groups or clusters of individuals that are most
alike.
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When cluster analysis was performed of the personality measures of
the entire SS group, two distinct clusters of individuals emerged: one with a
high stabilitv (and low emotionality) profile, and the other with a relatively
low strability (and high emotionality) profile (see Figure 52). There were
equal propoztions of subjects from each SS group within each cluster. A
MANOVA was conducted of the performance measures (semiautomatic and burst
modes) to test the effects and interactions of Trait Clustexrs (High and Low
Stability Profiles) x Groups (competition and contrel). While there was no
significant group main effect (Wilks' A = .991; F(2,54)= .25, p-.783) and no
significant Ciuster x Group interaction effect (Wilks' A = .997; F(2,54)= .08,
pP=.925), there was a significant Cluster main effect (Wilks' A = .858;
F(2,54)= 4,77, p=.016). Individuals with a trait profile of higher scores on
the %Yositive Affect subscale, lower scores on Negative Affect subscale, lass
External Locus of control, and higher stability (EPQ-P and N), performed
significantly better in semiautomatic mode (F(1,55)= 7.33, p=.009) than those
with a profile of lower Positive Aflect, higher Negative Affect, more External
Locus of control, and less stability (see Figure S3). 1Individuals in the high
stability profile (Cluster 1) also reported using Problem-focused coping ca
record-fire day significantly more often (F(1,55)= 4.45, p=.039) than those in
Cluster 2, the low stability profile.

DISCUSSION

In the previous chapter about hormone respconses, it was coacluded that
the subjects in the ccapetitive condition were significantly more stressed
physiologically than those in the control condition. Some of the
physiological indices reflected this more than others did. Similar findings
were obtained using the psychological response patterns. The psychological
responses obtained in the SS study have provided a more comprehensive
evaluation of the use of competitive marksmanship as part of a methodology for
generating stress.

Significant differences between the Competition Group and the Control
Group in stress perception measu.es on record-fire day Jdemonstrate that
competition can be used to reliably vproduce a moderate level of stress in
soldiers. Pre- and post-measures of stat2 anxiety (MAACL-R Anxiety, STAT
Anxiety, Subjective Stress Scale, and Specific Rating of Events) all indicate
that the Competition Group was experiencing significantly more stress than the
Control Group.

Pre-firing Sensation Seeking ra*ings were also significantly higher for
the Competition Group. This measure corresponds to self-ra+ting descriptions
of an "excited anticipation” affect (Zuckerman & Lubin, 1985). These subjects
may have been in a statu of excitation or one of "anticipatory vigilance"
des:cribed by Arthur (1987) as a state of arousal that allows the organism to
assess an impending st:ess and choose a method of coping with it. Perhape the
activity and arousal level of the competitors was elevated by the entire
racord-firing scenario to place +them Jn a state of "readiness™ for
competition.

There were also significant group differences in post-firing Hostility
-~atings. State Hostility ratings for the S§S Competition Group were the
highest of any group. While increases in hostility do not seem to be part of
~he anticipatory response, they do occur immediately afterward in response to
more well-defined and perhaps negatively perceived aspects of the outcome,
The S8S study included both public and personal performance evaluations
creating a potential for heightened personal vulnerabiiity. How the
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Figure 53. Performance scores (total targets hit per mode) for the two
personality clusters (Trait Clusters 1 and 2, "TCl" and “TC2")
obtained from the combined SS groups.

individuals rated their response to the stress event (indicated by the post
measures) appeared to depend on the influence of interxvening perceptual

factors including personal expectations and demands combined with appraisals
of how well they did.

Although the soldiers rated the competition as moderstely stressful, the
overall level of distre.,s was apparently not enough to affect their record-
firing performance. Wilkins (1982) stated that not only must a situation be
of a given intensity to lead to stress, it must also be of a given kind for a
particular person. The SS study consisted of top-notch Airborné troops highly
qualified for the task of firing for record. 1In other words, the task demands
alone would not necessarily have an overwhelming effect on marksmanship
performance. Some emphasis must be given to the individual reactions of the
soldiers during the weapon firing. In addition to tre individual's
expectations or demands of himself, we must take into account his ongoing
assessment of his possible success or failure (Wilkins, 1982).

The Affect Divergence Score provides an understanding of the dynamics
occurring with some of the intervening perceptual factors. A high score for
this measure indicated a divergent relat.onship between the level of perceived
failure combined with frustration, and the level of uncertainty involved in
the task. The significant negative correlations obtained with performance
indicated that the soldiers were affected more by their realistic self-
critique processes than by the uncertainty of the task outcome.

The divergent relationship within ths Affect Divergence Scors+ s
consistent with results obtained by Datel and Engle (1966) when .valuating
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changes in nagative affect in a platoon undergoing basic combat training
(BCT). Using the MAACL (Zuckerman & Lubin, 196S), Datel and Engle found a
divergence between MAACL Hostility and MAACL Anxiety at certain stress points
in the uCT cycle. During the first 3 weeks, anxiety subsided as hostility
increased, while during the last 2 weeks, hostility subsided and anxiety
increased. This supports the notion that if the individuals' assessment of
their progress (BCT or other performance) is accomplished primarily through
repeated self-critiques, the hostility component of the negative affect would
increase. However, if the individual focuses more on the nature of the
situation such as uncertainty of outcome or lack of information, the anxiety
componernt would increase. The Affect Divergence Score provided an opportunity
to assess the interactive relationship between these specific affects. The
significant correlations found between the Affect Divergence Score and
performance indicated that the measure is more sensitive to the individual's
perception of the situation than to any of the three components of negative
affect taken separately.

Cluster analysis of the personality measures of the total group revealed
subgroups of suabjects with two distinct personality profiles: a high
stability profile consisting of high Positive Affect ratings, low ratings on
the Negative Affect subscale, and less instability (lower EPQ-P and N); and a
relatively low stability profile of the corresponding trait measures. Lower
external locus of control was also associated with the low stress profile.
Johnson and Sarason (1979) pointed out that the most studied personal resource
variables ir stress research are locus of control and sense of mastery. The
perception of events as controllable is associated with less adverse outcomes.
This notion is supported by the SS personality profiles because the subjects
in the high stability profile perceived themselves as being more internally
motivated and used significantly more problem-focused coping than did the
remainder of the subjects.

When the significant negative correlations obtained betwecen trait
depression and hostility and performance are considered, it may be reascnable
to conclude that the payuff for individuals with the high stability piofiles
is significantly better performance in the semiautomatic mode of fire.
Although there is no evidence of a direct relationship between persoaality
traits and soldier performance, the role of significant moderating variables
(e.g., coping strategies) as possible links between traits and performance
must be considered. In a study by Vickers, Kolar, & Hervig (1989),
personality assessments and coping assessments were made for two samples »f
recruits going through U.S. Navy basic training. They reported that the
personality trait of conscientiousness was related to active problem-solving
efforts, while neuroticism was related to self-blame and wishful thinking.
After a review of studies that also investigated personality and coping
dimensions, they postulated that the link of stable psychological traits to
situational coping reactions may influence morale, performance, and health.
Until this is explored further, there remains a need for further assessment of
the use of personality profiles for the prediction of performance during
stressful conditions.

In trying to predict responses to a stress event, it is necessary to
coneider the kind and intensity of stress and the time of measurement, along
with the personal factors that might account for the individual variability in
stress response. Appley and Trumbull (1977) found that relatively consistent
intra-individual, but varied inter-individual, psychobiological response
patterns occur in stressful situations. The impact of these response patterns
on performance is not readily predictable from a knowledge of the situational




conditions alone, but requires an analysis of the extent of individual
variability in the context in which the stressor is applied.

A major contribution of the HEL Stress Research Program is the
identification of critical psychological and physiological factors for use as
indices against vhich other stressors can be evaluated. The data obtained
using the MAACL-R subscales and the SRE, for example, measure a variety of
affective components within the "“stress sxperiences” across studies. In
addition to being reliable and efficient to use, these measurements are
valuable tools in investigating individual differences in response to stress.

. Further relationships between the psychological data and corzesponding
responses obtained from the physiological measures are discussed in Chapter 6.
The response profiles that have emerged from the S8 study, in conjunction with
the Surgical and Exam Studies, have brought us c¢loser to identifying the
significant factors that can help develop an optimum methodology for
prospective stress research.
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CHAPTER S

HEART RATE RESPONSES TO COMPETITION
(J. Mazurczak, S. Wansack, J. M. King)

INTRODUCTION

Human heart rates change in response to exercise (Sheffield & Roitman,
1976) and in response to a variety of psychological stressors (Gunn, Wolf,
Block, & Person, 1972). The lability of this response system means that it is
valuable in capturing brief responses to external events.

¥While biathlon shooters perform best at the elevated heart rate to which
they became accustomed during training (O'Leary, 1980), studies of competitive
shooters have generally suggested that lower2+ ~art rates are associated with
superior performance (Wilkinson, Lander. Daniels, 1981; Tretilova &
Rodmiki, 1979; Landers, 1980; Yur'yev, 198%). E£xercise has also been found to
degrade the aiming and shooting perfcimance of noncompetitive military
shooters (e.g., Torre, 1966). Thus, rela:cively lower heart rate has generally
been linked to better shooting performance. The authors were therefore
interested in evaluating techniques to measure heart rate in military
shooters.

The decision to implement heart rate measurements in this experiment was
made relatively late in the planning process. Since the devices to be used
were new to the investigators, this portion of the atudy was implemented as
pilot work.

The objectives of this work weres (a) to evaluate the utility of the
UNIQ™ HeartWatch and related devices in field settings, and (b) to obtain a
preliminary assessment of the degree to which heart rate measurements could
contribute to HEL stress profiles.

METHODS
Subjects

The subjects in this subexperiment were 12 infantrymen, six each from
the Competition and Contiol Groups, who had volunteered to participate in the
8S study and who had further volunteered to wear the HeartWatches and to have
their heart rates monitored.

Apparatus

The subjects wore the HeartWatch sensors and the HeartWatch data-logging
watches. The sensors were strain gauges worn around the subjects' chests
that transmitted the signals to the HeartWatch, which stored the data for
later transfer into a 2enith 248 computer using the model 8799CI computer
interface module, where they were saved as ASCII files. The HeartWatch
sensors, data-logging watch, and computer interface are available from
Computer Instruments Corporation, 100 Madison Avenue, Hempstead, New York
11550, The other apparatus germane to this subexperiment is described
elsevhere in this report.
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Procedures

The generxal procedures for this subexperiment have been described in the
General Method section of Chapter 1 and in the other chapters of this report.
Heart rate data were obtained from six competition stressed subjects (from the
third week of the experiment) and from six control subjects (from the second
week of tha experiment). Heart rate data were sampled during familiarization
firing during baseline day for an average of 6.5 minutes and during record
tiring on record-fire day for an average of 14.3 minutes. The actual sampling
duration depended on the time required for each subject to complete the
firings. The watches were set to sample heart rate every 15 seconds. Before
analysis, the data stored in the ASCII files were inspected for instances when
two sensors were within transmission range of the subject's HeartWatch
receiver. This occurred when two subjects passed each other within the
effective transmission range of 42 inches. Additional off-scale readings can
be attributed to strong electromagnetic interference such as radio or
television antennae and high voltage power line surges. Such instances,
characterized by an immediate but short-term doubling of heart rate, were
deleted from the data set. The mean of each subject's heart rate for
familiarization and for record firing was then calculated.

RESULTS

The principal results of this investigation are summarized in Figure 54
which shows the means and standard error of the means of the subjects' heart
rates for both groups during familiarization firing during baseline day and
during record firing on record-fire day. ANOVA procedures using the SYSTAT
version 4.0 multiple general linear hypothesis module (Wilkinson, 1988) were
implemented; the output is summarized in Table S. The Groups effect revealed
that heart rate was significantly elevated in the Competition Group compared
to the Control Group (F(1,10) = 17.771, p =.002). The Days main effect
indicated that heart rates were also significantly elevated during record fire
(F(1,10) = 44.767, p =.000). Although Figure 54 suggests that the heart rate
increment from familiarization firing to record firing was greater in the
Competition Group than in the Control Group, the Days x Groups interaction was
not significant (F(1,10) = 3.773, p=.081).

DISCUSSION

The present results suggest that the Competition Group was more
autonomically aroused than the Control Group was when shooting during baseline
and record-fire days. In addition, both groups displayed a heart rate
increase of similar magnitude when moving from familiarization firing to
record firing.

These f{indings suggest that heart rate has value as part of a
physiological response profile, particularly when collected using
unencuwnbering devices. The authors believe that heart rate data may, in this
case, be a useful surrogate measure of anxiety. Exercise, which was heid
constant across both groups, did not contribute to the observed group
differences.

The HeartWatches and their attendant computer interfaces and software
proved to be quite serviceable. They yielded useful data while minimally
encumbering the subjects. No failures were obsezved in this equipment. 1In
this particular case, the utility of these heart rate data depended on the
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Table S

Analysis of Variance of Mean Heart Rates

Source L1 ] at MS r p

Total 3089.334 23

Between 1204.334 11
Groups 770.667 1 770.667 17.77) 0.002
Exrror 433.667 10 43.367

Within 1885.000 12
Days 1441.500 1l 1441.500 44.767 0.000
Days x Groups 121.500 1 124,500 3.773 0.081
Erzor 322.000 10 32.200

Groups = Competition versus Control. -
Days = Familiarization firing during bhaseline day versus record firing on
record-fire day.

decailed records of each subject's activities which had been maintained while
the heart rate was monitored, and on the detection of an apparent heart rate
doubling or off scale (indicating that two subjects had come within
transmitter range of each otreI) thruugh visual inspections of the data.

The relationsh’~ hetwaen heart rate and performance, relatively well
studied in compefrit- v. sa00twss (Wilkinson, Landers, and Daniels, 1981;
Tretilove and Redrir., 1579; Janders, 1980; .Yur'yev, 1980), should be
investigated for lsss ukilled groups. Further research in this area is
planned. '

In summary, this equipment proved to be excellert for making unobtrusive
measurements of heart rpte during field conditions. The heart rate data
obtained proved to be a useful component of stress avaluation, particularly
when collected with relatively unencumbering devices such as the HeartWatches.
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CHAPTER 6

INTEGRATION OF PHYSIOLOGICAL, PSYCHOLOGICAL, AND PERFORMANCE FINDINGS
(J. M. Kiny, G. A. Hudgens, S. Wansack, J. P. Torre, Jr.)

As was noted in Chapter 1 of this report, the present work was an
attempt to expand HEL'S stress research program, (Hudgens, Torre, Chatterton,
Wansack, Fatkin, & Deleon-Jones, 1986) by obtaining stress profiles for
soldiers using individual equipment to accomplish military tasks when exposed
to a real but non-injurious atressor, competition. This experiment is
theoretically Aimportant for that reason. This study also provided data that
will influence the ACR program by providing estimates of aiming error and hit
probability for single round and burst modes of fire. This study also
investigated a methodology for producing a known level of experimental stress
in soldiers and applied HEL's preliminary stress metric to the task of
measuring the stress levels produced. The stress was produced by having
soldiers perform a military task, firing a rifle, in a competitive situation
which reflected upon their unit and upon themselves. This was done in full
view of their peers. The order of performance was not revealed. Other task-
induced stressors included random presentation of targets by range, exposure
time, and the number of targets available at a time.

STRESS EVALUATION

One of the primary objectives of this study was to determine if
competition could be used to generate a significant level of stress in a
systems test such as -hat included in this study. Accordingly, competition
was included as a primary treatment variable, and other associated stress-
promoting and readily standardized procedures (e.g., creating a meaningful
reward contingency, having the individual perform before his teammates, etc.)
were included as supporting components in this effort.

To determine whether a significant level of stress was generated in the
study and to determine the relative degree of stress generated, batteries of
psychological and physiological state measures were employed. Evaluations
were made by reference to results obtained in a recent series of stress
studies conducted as a part of the HEL stress program which used these same
physioclogical and psychological state measures.

Results of the physiological evaluations were described in detail in
Chapter 3. A comparison of the Competition and Control Groups indicated that
the Competition Group showed consistently and significantly greater stress-
related response changes for all five endocrine measures as a function of
firing during competition than did the Control Group as a function of the same
Ziring during noncompetitive conditions. Comparison of the endocrine data
obtained for the Competition Group 15 minutes after firing for record in
competition with the endocrine data obtained at the same relative time point
in the Northwestern University stress protocols revealed that the Compatition
Group had a response profile very similar to that obtained for medical
students when taking an important written examination, a moderately stressful
situation. The Control Group, although showing some changes during time for
some measures, generally had a profile more characteristic of other,
relatively non~stressful, control conditions. Both groups in the present
study differed considerably from all the other groups studied for the growth
hormone measure. This effect may be accounted for by the greater physical
activity involved in the present study as compared with the other studies,




since growth hormone is extremely sensitive to changes in activity level.
Both groups in the present study alsco showed relatively high levels of
teatosterones, even higher levels than the group of medical students taking an
examination. At this time, the authors can only speculate that the relative
level of testosterone cbserved across the groups might relate to differences
in the performance requirements of the various situations, That \is,
testosterone production appears to have increased as the performance demands
increased across the situations.

The psychological state data presented in Chapter 4 revealed response
profiles for the Competition and Control Groups which strongly reinforce the
conclusions reached based on the physiolngical state data. Consistent with
the interpretation that the Competition - roup was under more stress than the
Control Group, the Competition Group subjects expressed significantly greater
state anxiety than control subjects did both 15 minutes before, on the MAACL-R
and after, on both the MAACL-R and the STAI, firing on record-fire day, and
they rated the firing as significantly more stressful than did the control
subjects on both the Subjective Stress Scale and the Subjective Rating of
Events measures. Additionally, the Competition Group subjects expressed
greater hostility and lower positive affect 15 minutes after firing. Both
findings appear to reflect greater dissatisfaction with personal performance
during competitive conditions.

The profiles of psychological data for the Competition and Control
- Groups compared with profiles for the Northwestern stress studies yielded
results that were also very much like those for the physiological data. The
anxiety expressed by the Competition Group appears most comparable to that of
the group of medical students taking a written exam. This finding parallels
the comparisons for the cortisol, prolactin, and luteinizing hormone data and
supports the interpretation that a moderate level of stress was experienced by
the Competition Group. Additionally, the comparative post-stress hostility
ratings for the Competition and Control Groups reveal a pattern which is
similar (across groups from the various studies) to the pattern of comparative
testosterone levels. As was the case for testosterone, the magnitude of
response appears to have increased as the performance demands increased across
situations.

The heart rate data obtained from a limited subset of the subjects (see
Chapter S) also suggested that the competition was stressful. Since this
msasure has not been included in any of the other stress program studies, no
comparative conclusions can be drawn at this time.

PERFORMANCE CORRELATES

Although this field experiment was initiated with two primary and
separate objectives, namely, creating a method for generating stress in test
situations and evaluating modes of fire to be used for the ACR field test,
analyzing correlational relationships between the data obtained for the two
purposes yielded much additional interesting information. For the purpose of
analyzing these relationships, the marksmanship performance measures used were
the numbers of targets hit in the semiautomatic and burst modes.

Two of the demographic measures taken were predictive of performance.
The longer the soldiers reported being in the Army, the better they performed
in the burst mode, and the greater the variety of weapcns for which they were
currently qualified, the better their performance in the semiautomatic mode.
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Because of the time points at which the physiological and psychological
measures were obtained, some of their relationships with performance can be
considered predictive (those basad on measures obtainad before record firing),
while others can only be considered associative (those based on measures
obtained after record firing). At the present time, these correlations
between stress measures and performance are considered preliminary.

With regard to the hormone data, different predictive relationships
appear to have existed depending on whether the subjects performed during
competitive conditions. Tor the Control Group (no competition), 1lower
prolactin levels early in the morning of baseline day and relatively higher
prolactin levels early in the morning of record-fire day were predictive of
better performance, particularly in the semiautomatic mode. For the
Competition Group, lower testosterone levels on baseline day were predictive
of better performance in the burst mode, and a relatively lower testc¢sterone
level early in the morning of record-fire day was predictive of better
perfcrmance in the semiautomatic mode. Significant positive correlaticns were
obtained for both groups between burst mode performance and cha.ge in
testosterone level from baseline to record-fire day at the +15-minute time
point. Better performers showed a smaller stress reaction, that \is,
suppression of testosterone, compared to those who did poorly.

Two personality (trait) measures were predictive of performance. Lower
scores on both the MAACL-R Depression and Hostility Trait subscales were
predictive of better performance. However, none of the state (stress
perception) measures which were given on baseline day or before firing on
record-fire day were predictive of performance.

Some of the psychological measures obtained after firing on record-fire
day did, however, correlate significantly with performance. For instance,
those Control Group subjects whe reported using more avoidance behaviors in
coping with whatever stress they were experiencing did rot perform as well as
those who did not tend to use that coping mechanism.

Two post-firing MAACL-R state measures correlated significantly with
performance. Competition Group subjects who performed well reported higher
Sensation Seeking scores that reflect higher levels of e:icitation (Zuckerman &
Lubin, 198S). Control Group subjects who performed worse in the burst mode
reported higher Hostility scores that reflect higher levels of frustration
(Zuckerman & Lubin, 1985), presumably for not having done as well as they had
expected. :

This field experiment demonstrated that competition ~<an be used to
generate a moderate level of stress in the highly skilled and motivated
soldier field experiment participants. Although the level of s:ress generatad
does not appear to have been sufficiently intense to have adversely affezted
the performance of the Competition Group relative to controls, this does not
mean that the competition may not affect the performance of a direct fire
weapon system. The Competition and Control Groups soldiers were from elite
units and demonstrated the expected esprit de corps. They took pride in their

performances and felt themselves under pressure to perform well. They
realized they were involved in a group effort and that any poor individual
score would penalize the entire team. As a result, the groups were

competitive, and the psychological, endocrine and hear: rate data indicated
that they were stressed. The task of firing the M16A2 rifle may have been so
straightforward that it was not affected by the level of stress induced, or
the soldiers may have been sufficiently trained to be able to call upon their
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basic skills to overcome the performance effects otherwise induced by the
competition stress.

An event that occurred after the record fire portions of this field
experiment were completed emphasizes this point. The soldier with the highest
score from a Competition Group was selected to fire a target scenario while
being observed by a highly distinguished review panel. The soldier was so
nervous that he head difficulty inserting the magazine into the weapon. The
only words spoken by the soldier were "I know I can't do this." The safety
officer, an experienced sergeant, leaned over and said "Son, just do what you
did to get here:; shoot like you know how."™ This soldier fired the highest
score ever attained during any of the target presentation scenarios used in
this experiment, and scored 30% higher than he had during the competition.
This additional stress clearly altered his performance. Several aspects of
combat stress are apparent in the pressure to perform, observation by
officials, and play on self-esteem experienced by this soldier in this
situation. A dramatic improvement in performance was observed in this case.
Performance need not be degraded during stressful conditions. The soldier’'s
training enabled him to respond to the stress with dramatically improved
performance. While it is possible that the results of this field experiment
would have been different if the soldiers who participated had been from less
elite and highly trained units, individuals from such units, having lower
expectations about their performance would have probably been less stressed.

It is also possible that the task-induced stressors of multiple targets,
coupled with extremely short exposure times, may have been so severe as to
override any differences attributable to the competition stress manipulation.
In any event, rifle marksmanship perforrance, in the present experiment, was
more affected by the task-induced stressors than by the competition stress.

Since future applications of a method for generating stress in systems
evaluations will require a level of stress considered comparable to combat
stress levels, research about methods of generating a higher level of stress
will have to continue. The results of this study suggest that competition
might serve as one component of a methodology which might also include
multiple stressors or acute plus chronic stressors as combat stress appears to
do. These findings also suggest that in evaluating a potentially stressful
circumstance, it is important co consider both the objective (experimenter
designated) and the subjective (subject experienced) aspects of the situation
(Hobfoll, 1989).

SHOOTING PERFORMANCE

It is apparent from the data that virtually all of the improvement in
hits attributable to burst mode in the present experiment was obtained at S0
meters. Also, any effects of multiple trigger pulls were largely confined to
50~ and 100-meter ranges. Our failure to discover any substa.:tial improvement
in burst mode is consistent with AMSAA's analyses, (e.g., Fallin, 1969;
Weaver, 1989), which have calculated that optimal performance would be
obtained from systems in which the burst dispersion in mils is twice the aim
error in mils. This work suggested that the relatively large three-round
burst dispersion of the M16A2 equipped with the NWSC No. 1 muzzle device,
15.86 mils, would not yield any substantial improvement in combination with
the relatively low aim errors observed in this experiment. Thus, the present
results are consistent with AMSAA's analyses of the relationship between burst
dispersion and aim error on one hand and optimal performance on the other.
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THE NWSC NQ. 1 MUZLLE DEVICE

The NWSC No. 1 muzzle device is currently among the most effactive
devices available for controlling burst dispersion in the ¥16A2 that does not
induce reliability problems during required rates of sustained fire (Spadie,
1986), yet it does not approach the 8-mil dispersion that AMSAA feels is
needed to imp: Y've burst performance. Thus, the level of improvement in hit
probability displayed in burst mode is probably about the best currently
obtainable with serial burst rode systems with a recoil impulse comparable to
the M16A2. The present dats suggest that the price of generalized use of
burst mode, in terms of ammunition expendsd, may outweigh the increment in
effectiveness when compared to semjautomatic mode for currently available
serial burst systems.

CONCLUSIONS

This experiment (a) demonstrated that competition can be used to produce
a moderate level of stress; (b) found that this moderate level of stress was
insufficient to alter performance; (c) found that the tools and procedures of
the preliminary stress metric are applicable to the assessment of stress
levels in field experiments; {d) found that aim error is greater in burst mode
than in semiautomatic mode, but the aim errors obtained were smaller than had
been anticipated; (e) found that as predicted, a relatively high burst
dispersion coupled with a -relatively low aim error does not improve burst
mode; and (f) helped define the limits of performance scrial burst syst~—m with
a recoil impulse coumparable to the M16A2.

RECOMMENDATIONS

1. To aestablish firm links between stress and performaice, future
efforts in the HEL stress program should focus on higher stress situations
than do those studied to date,

2. Based on the outcome of this field experimaut, integratiun of basic
and applied research efforis should be enzouraged in the future.
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APPENDIX A

VOLUNTEER AGREEMENT AFFIDAVIT
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VOLUNTEER AGREEMENT AFFIOAVIT
For um of this term, me AR 40-30: the propenent Beady 1 the Offise of 1 Surseen G enersl

THIS FORM IS AFFECTED BY THE PRIVACY ACT OF 1974

1. AUTHORITY: 10 USC 3012, ¢4 USC 3101 and 10 USC 1071-1087.

2. PRINCIPAL PURPOSE: To document voluntary participation in the Qinical inves.igation and Rusearch Progracn. 88N snd home
addreas will be wed lor identification and locattng purpose,

3. ROUTINE USES: The 8SN snd home address will be und’kn idensifice*ion and luesti Inf detived (rom the
study will be esed to document the nudy: impl ieal programs; teaching; ndiud&uuon of ¢laima: and for the mandatory
reporting of medical conditign aa required by law. wom.u.- may be (urnished to Fedorsl, Rate sad loml sgencies.

4 MANDA'I‘OI:"Y OR VOLUN'I'MY DISCLOSURE: The fumishing of 88N and hoow addrem is mandetory and
w0
may preci

necewary to provide
ct you if future information indicstes that your bealth may be sdvernely sifecied. Failure to provide the
your voluntary participstion in this i igational study.

Lt 1 d

PART A - VOLUNTRER AFFIDAVIT

VOLUNTEER SUBJECTS IN APPRCVED DEPARTMENT OF THE ARMY RESEARCH STUDIES

Volustears under the roneons of AR 70-28 aze suthorised all wy medical care for injury or diseass which is the prozimate
raauit of their participation i such studies,

L 88N haviag
Nast, frai. middier
{ull capacity 1o consent and baving ined my birthdsy, do heraby volunteer to participate in
<lhe Salvo Stress Studv :
irnssnsu siudy)

under disvction of Jlancs P. Torre/WW Janes King .. eondueted s¢ HEL, APG, MD 2100525001

Mame of tnatitetion}
The impiieati of my vol Yy participetion: the

. durstion and purpoee of the research study; the methods and means by
which it is Lo be ducted: and the inco i and bazards that may ressonadly de expected have been explained to me by
&0 James Kino

{ have been given an opportunily Lo ask questions concerning this investigstional study. Any such quastions were answered 1o @Yy
full and compiete satufsction. Should any further questions arise coneeming my rights on study-related injury 1 may conwset .

Patjent Adninistration Branch, Kirk Armv Clinic
o APG, MD_ (301) 278.2086

iNems and allgreis 0; ‘.0’“: . ’:Q' ﬁ-==, ﬂ:’u” m 10'1,)

Junde .and thst | may st any time duncg the course of thi study revoke my consent sad withdrsw {rom the study mthout further

penalty of loss of benefits howseer, | may be (XY required mu d 10t Jd

L4
ination if, in the opinion of the sttending physicias, such esaminatl are

to participate will involve no penalty or loes of benefils to which I am otherwise entitled.

q ! ) 10 undergo canain
y for @y health and well-being. My refuasi

PART 8- TO S8 COMPLATED BY INVESTICGATOR

INSTRUCTIONS FOR ELEMENTS OF INFORMED CONSENT:( Provide a detailed explanation in d
AR 40-38 or AR 70-28.)

with Appendix E,

1. 1 understand that the purpose of this vessarch study is to determine ways in which
stress reactions can be assessed {n humans.

2. Mr. Torre or his designes has explsined in decail sll procedures snd tests to be given
=0 me. 1 understand the frequency, duration, and method of administrstion of all these as
follows:

One day prior to & record firing exercise s cathetsr (small plastic tube) from
which blood samples will be drawn vill be placed in wy forearn. Small blood samples of 20
Bl (1 oz.) will be drawn as described balov. A total of &4 blood samples will be drawn ovar
the course of 6 hours from the catheter. The catheter will then be withdrawn. This will be
followed by s faniliarizacion firing exarcise. This sampling procedure will be repeated on

the record fire day with 6 samples being taken. The total volume of blood drawn over 2 days
will be approximately 200 ol (8 o02.).

{CONTINUE ON REVERSE)
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:. I unéevstand nhac the known risks, discozforts, and side effects that czn be expected
froz ~he blood saspiing ars: Bruise at the site of vein puncture, inflammation of the veir
anc¢ infection, and tnat care will be taken to avoid these complications. I understand that
all information obtained in the investigat{on will be considered confidential. I understand
that no information vill be associated vith se as a person and that sy name vill not appear
in any published form in relation to the study.

4. 1 understand that I will be asked not to cousume any caffeine-cortsining beverages
(coffee, tea, colas) or alcohol from ths time 1 arrive on Aberdeen Proving Ground until the
last blood sample 1is drawn.

S. 1 understand that any i{ajuries sustained as s rasult of patticipation in a tvesearch
protocol are sntitled tc medical cars and treatmenc.

6. 1 underscand that the rifls firing portion of tlils study involves the use of an M16A2
rifle vith a safety certified prototype suzzle braks. This firing involves no risks beyond
those associated with normal sarksmanship training. .

7. 1 understand that I will be required to coiplcta-a nuabetr of surveys. Therse are no
risks or hazards assocfated with thenm.

8. 1In addition to the other procedures describad in this consent forx, I agree to wear a
he- -t race doatection strap and Heart Vatch monitor during the periods of the test whan blood
samples are being collected on the baseline and record fire days. I understand that in
vearing this electrods sctrap and Hesrt Wacch monitor my heart rate will be recordsd to
provide additional physiclogical messures required by recesrchers in the conduct of this
3alvo Stress Study. I understand that 1.~ more thzn 4 test participants per waek will de
asked to wvesr this device, and that decli.ing to vear this device will mot interfere with By
prrticiTacion in other aspects of this srudy.

9. 1 understand that I msy be billeted on or off post for the course of the study, not to
exceed S5 days. - ’ ‘

10. I understand the bensfits I may receive as a result of.-y taking part in this study ara
livited to additional practice with the M16 rifle. Thase studies will principally enhance
vhe state of sciencific knowledge.

S10Aite’

OATE siGNED SICRIYURT By CUSXTCURNOTIN (T eorenter |
SIONATURE OF VOLUNTIEER SRRV

L — TYPEO OM PAINTED NaAME AND SIGNATURE OF OATE 510ME0

PLAMANENT ADDRECS OF VOLUNTEER AN SA

Mevome of DA PLrRS 3ICI K AP b4
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APPENDIX B

SAFETY CERTIFICATIONS FOR NWSC NO. 1 MUZZLE DEVICE




DEPARTMENY OF THE NAVY
NAVAL WEAPONS SUPPORT CTNHTER

CRANE, INDIANA 47822-83000 N AEPLY REFER 10
8370/7
2021WS
R IR joan
From: Commanding Officer, Naval Weapons Support Center
To1 Director, Human Engineering Laboratory, (lir. Sam
Wansack), Aberdeen Proving Ground, Aberdeen, MD
21005-5001

Subjs SAFETY RELEASE JUSTIFICATION'FOB THE NWSC ¢1 MUZILE
DEVICZ USED ON THE M16A2 RIFLE

1. The following information is submitted by request of Mr.
Wansack of your organization pursuant to requirements for testing
of the NWSC #1 Muzzle Device whioch resuvlted from the Joint
Services Small Arms Program FY 86 6.2 M16A2 Rifle Signature
Suppresaion Project.

2. This device is constricted of heat treated 4140 alloy steel
and there have been no safety or reliability prodlems encountered
in any of the testing. Over 1000 rounds have been fired through
one of the devicea, The device is similur to the existing flash
hider in size and external shape. It interfaces with the
barrel/muzzle threads the same as ‘he standard M16A2 flash hider,
and i{s oriented in the same manner. The NWSC ¢#1 muzzle device
will allow mounting of the bayonnet, and the standard blank
firing device. It will launch greaades in the same manner as the
standard M16A2 Flash Hider. Therefore, this device is judged to
be as safe as the standard flash hider for the M16A2 rifle.

3. NAVWPNSUPPCEN Crane point of contaot is Mr. William Spadie,

Code 2021, Building 2521, telephone AV U4B82-3190/3191 or
commercial 812-854-3190/3191, zip code 47522-5020.

A\ 2. (ASH
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vEPARTMENT OF THE ARITY
HEADQUARTERS, U.8. ARMY TEST AND EVALUAT.CN CLIMAND
ABERDSEN PROVING GROUND. MARYLAND 21008 — 0088

8: 26 Fedb 88

oLy Y0
ATYENTION OF

AVSTE-TE~F (70-10p) 19 FEB 1988

»

MEMORANDUM FORs Conmander, U.8. Army Combat Systens Test Activity,
ATTN: STECS-AB-LA .

SUBJECT: Request for Bafety Reieace of NWEC %1 Mi221e Device Used On the
Mi16A2 Rifile

1. The U.8. Army Human Englineering Laboratory In memorandum, HEL, SLCHE-BR,
11 Feb 88, subject: 8BSafety Release Justification for the NW8BC#1 Muzzie Device
Used For The M16A2 Rifle, enclosed, requests ar analysis be performed to
determine whether the muzzie device described In the attached ietter can be
granted a safety releases.

2. The safety relesse Is required for a field tast to be performed by the
Human Engineering Laboratory (HEL) beg:nning 20 Fab 88. The HEL point of
contact, Mr. 8. wansack, x35969, has discussed tih'c subject with Mr. F. Milier
and shown him a sample of the davice.

3. Request USACSTA provide a safety release recommendation for subject device
by COB 25 Fed 96.

4. Point of contact, this headquarters, is Mr. liubert M. Cole, AMSTE-TE-F,
amsteteflapg-1.arpa, AUTOVON 298-3077/4784.

FOR THE COMMANDER:

simned

€ncl KEITH T. DIXON
Chief, FA, Inf & 8W Div
Olrectorate for Test

CF»
Oir, USAHEL ATTN: S8SLCHE-BR (w/0 encl)
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APPENDIX C

DESCRIPTION OF M RANGE




DESCRIPTION OF M RANGE

M Range Capability

FOUR FIRING LANES EACH 50 METERS WIDE-~LANES CAN BE COMBINED TO INCREASE
NUMBER OF TARGETS AND ANGLE FOR TWO GUNNERS OR ONE GUNNER.

TARGET DISTANCES FROM 15 METERS TO 550 METERS.
THREE TARGETS AT EACH RANGE FOR EACH FIRING LANE.

ONE MOVING TARGET (33 FEET LONG) AT 80 METERS, 130 METERS, AND 180 METERS
POR EACH FIRING LANE AND WITH PRESET ADJUSTABLE VELOCITY.

NON=-INTRUSIVE SHOT DETECTOR AT EACH FIRING LANE.
HIT DETECTOR AT EACH TARGET (WITH TARGET OPEN AND SHORT INDICATION).

MISS DISTANCE INDICATOR CAPABILITY FOR ALL STATIONARY TARGETS TO 400
METERS OR WITHIN LIMITS DICTATED BY THE BULLET SHOCK WAVE.

INDEPENDENT SCENARIO GENERATION FOR EACH FIRING LANE INCLUDING VARIABLE
TARGET EXPOSURE TIME AND TIME BETWEEN TARGETS, AND SINGLE OR MULTIPLE
TARGETS .
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APPENDIX D

DOCUMENTATION OF ENDOCRINE SAMPLE ANALYSIS




DOCUMENTATION OF ENDOCRINE SAMPLE ANALYSIS

Assays were conducted in the Reproductive Endocrinology Laboratory,
Department of Obstetrics and Gynecology, Northwestern Memorial Hospital. This
laboratory is licensed by the State of Illinois as a clinical laboratory and
participates in the College of American Pathologists quality control program.
Cortisol, testosterone, prolactin, growth hormone, luteinizing hormone,
epinephrine, norepinephrine, dopamine, B-endorphin and Met-enkephalin wvere
measured.

Plasma was collected in EGTA, glutathione, and aprotinin and was rspidly
frozen to prevent degradation of catecholamines and endogenous opiods.
CORTISOL

Serum samples were analyzed for cortisocl by a8 direct assay without
extraction (Casper, Chatterton, & Davis, 1979). Antiserum for this assay was
obtained from Kew Scientific, Columbus, Ohic. It cross-reacts 0.01% with
cortisone, S% with corticcsterone, and 15% with deoxycortisol. Thus, it is
suitable for use in human serum samples in which cortisol is present in much
larger percentages than these other corticosteroids. Serum proteins were
denatured by heating at 60° C for 30 minutes. JH-cortisol tracer and
antiserum were then incubated with the cooled, diluted serum samples,, and
unbound cortiscl was removed by adding dextran-coated charxcocal (DDC). The
sensitivity of the assay (at the lowest range) is 17 nanograms (ng)/ml. The
inter-assay coefficient of variation (CV) of the last 48 assays (midrange) was
27%. The intra-assay CV was 13%.

TESTOSTERONE

Serum samples were assayed for testosterone by a direct method without
extraction. Materials including 1251-testosterone for this procedure were
obtained from Pantex. Antibody-bound testosterone is precipitated from
sclution by the addition of a second antibody in polyethylene glycol. The
sensitivity of the assay (2 standard deviations (SD) at the lowest range) is
42 picograms (pg)/ml. The inter-assay CV of the last 50 assays (midrange) was
4. Intra-assay CV was 5%,

PROLACTIN

Prolactin was measured in serum with materials obtained from the
National Hormone and Pituitary Program for this assay. The standard and
iodination materials were hPRL-1-6 and hPRL-RP-1, respectively. lodination
and radio-immuno-assay were conducted essentially as described by Hwang,
Guyda, and Friesen (1971). The sensitivity of the assay basad on 2 8Ds of the
lowest quality control preparation is 2.1 ng/ml. The intex-assay CV
(midrange) in the 13 most recent assays was 10%. Intra-assay CV was 11%.

GROWTH HORMONE

Materials were obtained from the National Hormone and Pituitary Program
for this assay. The standard and iodination materials were hGH-RP-1 and hGH-
I-1, respectively. Iodination and radio-iiamuno-assay were also conducted as
described by Hwang et al. (1971). The sensitivity of the assay based on 2 §Ds
of the lowest control preparation is 1.1 ng/ml. The inter-assay CV in the




it e -

last 12 assays at a mean concentration of 4.2 ng/ml was 20\. Inter-assay CV
was 6%,

LUTEINIZING HORMONE

Materials were supplied by the National Hormone and Pituitary Program.
Iodination with 1251, purification of the iodinated hormone, and separation of
the antibody bound from unbound hormone was essentially as described by
Midgley (1966) as modified by us (Judge, Quade, Arrata, & Chatterton, 1978).
For hLH assay, the reference and iodination materials were LER-907 and hLH-I-
3, respactively. Sensitivity for hLH and hFSH assays is 2.4 miU/ml and 1.7
mIU/ml, respectively. The inter-assay CV (midrange) in the 34 most recent
assays was 24%. Intra-assay CV was 11%.

CATECHOLAMINES

Analysis of epinephrine, norepinephrine, and dopamine was performed by
means of reverse phase Waters high performance liquid chromatograph (HPLC)
with electrochemical detection. Each of the catecholamines was separated
during chromatography and quantified individually by an automated instrument
(the HPILC), as described by Weicker, Feraudi, Hagele, and Pluto (1984).

B-ENDORPHIN (McIntosh, 1987)

Plasma was thawed and incubated overnjight at 4° C with Sepharose bound
anti-B-lipotropin antiserum to remove the B-LPH. This is necessary because
the antiserum for radioimmunoassay (RIA) of B-endorphin binds B-LPH with
similer affinity. Since B-LPH contains antigenic sites not common to B-
endorphin, antisera that specifically bind B-LPH are available for this
separation.

B-Endorphin was concentrated from 1.25 ml of B-LPH extracted serum by
chromatography on octadecyl silica gel. The eluted B-endorphin was dried,
reconstituted in assay buffer, and incubated with the B-endorphin antibody as
the first step in the RIA. Antiserum is available that cross-reacts less than
0.1% with a-endorphin, dynorphin, Met-enkephalin, Leu-enkephalin, a-MSH, B-
MSH, and gamma-MSH. To complete the assay, 125I-endorphin was separated from
that bound to the antibody by addition of a second antibody to form a
precipitating complex. According to McIntosh (1987), recovery of B-endorphin
through purification and assay procedure is 99%. The least detectable level
in previous assays was 8.7 pg/ml with an interassay CV of 11,2%.

MET-ENKEPHALIN (Clement-Jones, Lowry, Rees, & Besser, 1980)

The enkaphalin also must be extracted from a relatively large volume of
serum using the octadecyl silica gel chromatography step. However, the B-LDH
does not have to be removed by specific antibody absorption. Met-enkaphalin
is unstable, and it is therefore oxidized to its stable product Met-O-
enkephalin with chloramine-T before being assayed. The assay employed a
specific antiserum from Chemicon InH and a !251-iodinated pure Met-O-
enkephalin tracer. Bound and free peptides were separated by adding a second
antibody.




SAMPLE HANDLING AND DATA PROCESSING

¥When the samples were received in the RIA lab, they were put in a
freezer and the sample numbers, which are assigned consecutively in each
Project, were entered (logged) in the computer with information about the
project number, data, assay to be performed and number of tubes., The data
file for each project kept a running total of samples assayed. This was
updated and printed weekly.

The Hark List, which was composed of samples for a given assay, was
printed each day an assay was to be dcne. Results were entered in the Work
List at the completion of the assay. The data from each project was then
transferred internally to the existing data files for the project under the
specific hormone assayed. The files have a place for date, time, subject,
group, and so forth, which the investigator can enter for each sample number
either before or after the assay values are entered,

%hen the Work Llist was completed, the assay was conducted by the
procedures described. All assays were quzntified by counting labeled hormone
that remains bound to the antiserum. The amount of radioactivity bound is
inversely related to the amount of hormone in the sample. An on-line computer
plotted the bound radioactivity versus the concentration of standards in a
legit-log format after subtracting nonspecific binding. Concentrations of
h. mone in the samples were then calculated automatically from the standard
c.rve. The following quality control data were included within the updated
Work List for the hard copy file kept in the laboratory.

Values of 3 QCs

Mean values from all previous assays of these QCs
Nonspecific binding

Slope of logit-log plot

Correlation coefficient (standard curve)

Percent of tracer bound

Range of standards

Value at 50% binding
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APPENDIX E

SURVEYS AND DATA COLLECTION FORMS
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GENERAL INFORMATION QUESTIONNAIRE

Please answer all questions as completely as possible by filling in the blanks
or circling the appropriate response. All information will be kept strictly
confidential. The 1:formation is important for test purposes and will not be
used for any other purpose.

1. NAME 2. DATE OF BIRTH
3. PRILARY MOS 4. PRESENT PAY GRADE E-~
S. LENGTH OF SERVICE 6. EDUCATION LEVEL
(years) (months)
7. ' AT 1S YOUR UNIT? PLATOON __pIVISICN
COMPANY BR1GADE
BATTALION

8. HOW LONG HAVE YOU BEEN IN YOUR PRESENT SQUAD?

{years) (months)

9. DO YOU HAVE A PHYSICAL PROFILE AT THIS TIME?

yes no

10. DURILG 'THE PAST WEEK, HAVE YOU TAKEN ANY PRESCRIPTION OR
NON-PRESCRIPTION “RUGS?  YES NO
IF VLS, WHAT KIND(S)? i

1. DATES : _
2. DATES :
3. DATES :
4, DATES::

11, LIST YOUR CURRENT WEAPONS QUALIFICATIONS:

WS N
L]

12, WHAT WAS YOUR WEAPONS QUALIFICATION ON YCUR LAST RECORD FIRL?
(EXPERT, MARKSMAN, OR SHARP SHOOTER) _

13. HOW HAMNY ROUNDS HAVE YOU JIRED? (IN YOUR ENTIRE LIFE)
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14, HAVE YOU DEEN TO SNIPFR 37"70L? YES NO

15. HAVE YOU NAD ANY FORMAL SMALL ARMS TRAINING? (PARTICIPATED 1IN MATCHES, C
MEMBER OF A RIFLE TEAM, ETC.)? YES NO
IF YES, LIST BCLOW: ’

. DATE
DATE
DATE
DATE

.

WK -
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LIFE EVENTS FORM I

1. Check the appropriate respons2: "I have recently experienced:”

Unusually low strass
Mitld stress

Hoderate stress

High stress

Unusually high stress

1T

- 2. Have you racently experienced any events hsving an impact on your life?
Yes No
Pleosc list them and indicate them as positive or negative by placing them
in the corresponding column:

POSITIVE DATE EVENTS OCCURED
NUGATIVE DATE EVENTS OCCURED

3. “Overall, my rcsponse tu the above events was to feel:” (Please circle the
numnber under cach of the four hecadings listed below that reflocts the degrec
thut you felt that emotion.)

JHARMED THREATENED

. 1 2 3 4 S 1 2 3 4 5

Not at Very Not at Very

all much all much
CHALLENGED SUCCESSFUL

1 ) i) 4 5 1 2 3 4 5

Not at very Not at Vary

all much all much
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4. llow would you rate the way you handled these stresses?

Very well
Well

Not well
Adequate
Poorly

i

5. "Wy resources for responding to the events were:" : A

More than adequate
Adequate
Less than adequate

162
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1.

LIFE EVENTS FORM Il

Check the appropriate response: '"In the last 24 hours, I have
experienced:"

Unusually low stress
Mild stress

Modcrate stress

High stress

Unusually high stress

llave you experienced any events having an impact on your life in the last
24 hours? Yes No

Please list them and indicate them as positive or nregative by placing them
in the corresponding column, noting exactly when each event occurred:

POSITIVE EVENT OCCURRED (Date and Time)

NEGATIVE EVENT OCCURRED (Date and Time)

"Overall, my response to the above events was to feel:" (Please circle
the number under each of the four headings listed below that reflects the
degree that you felt under that emotion.)

HAWED THREATENED

1 2 J 4 5 1 2 3 4 5
Not at Very Not at Very
all much all much
CHALLENGED SUCCESSFUL

1 2 3 4 5 1 2 3 4 5
Not at Very Not at Vecy

all much all much




4, llow would you rate the way you handled thas- ~ esses?
Very well

Well

Not well
Adequate
Poorly

S. "My resources for regponding to the events wore:"
More than adequate
Adequate
Less than adequate

Thank you




Rating of Events - Specific

1. The scale below represents a range of how stressful an event might bdbe.
Put 8 check mark touching the line ({) to rate how much stress you have
experienced during the last half hour.

STRESS SCALE

Not at All Most Stress
Stressful Poesible

I
I ! I | J I I I 1 !
0. 10 20 30 40 50 60 70 80 90 100

2. At what number value does the check mark touch the line?

sottfid -

-

Y

T




Rating of Events - Specific

1. The scale below represents a range of how stressful an event might be.
Put a check mark touching the line (y) to indicate where you rate the

experience of today’s weapon firing competition.

STRESS SCALE

Not at All
Stressful

Most Stress
Poesible

2, At what number value does the check mark touch the line?
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Racinglof Events - Specific

1. The scaie below represents a range of how stressful an event might be.
Put a check mark touching the line (y) to indicate where you rate the
expericnce of today’'s weapon firing comparison.

STRESS SCALE

Not at All Most Stress
Stressful Possible

| | | | ] | | | | | I

| ' | | | | | | I | i

.0 10 20 30 40 SO0 60 70 80 90 100

2. At vhat number value does the check mark touch the line?




Rating of Events = General

1. What was the most stressful event in your life before today?

2. The scale below represents a range of how stressful an event might be.
Put a8 chock mark touching the line (y) to indicate where you rate the most

stressful eyent (from question #1).

STRESS SCALE

Not at All Most Stress
Stressful Possible

! i I I | ! I | ! I
40 50 60 70 80 90 100

3. At what number value does the check mark touch the line?

4. Compared to the rating you gave in item 3 for the most stressful event,

what number rating would you give the stress you experienced as a result of
today’s weapon firing competition?




Rating of Events -~ General

l. What was the most stressful event in your life before today?

2. The scale below represents a range of how stressful an event might be.
Put a check mark touching the line Q{) to indicate where you rate the most
stressful event (from question #1),

STRESS SCALE

Mot at All Most Stress
Stressful Possible

0 10 20 30 40 50 60 70 80 90 100

3. At what number value does the check mark touch the line?

4. Compared to the rating you gave in item 3 for the most stressful event,

what number rating would you give the stress you experienced as a8 result of
today ‘s weapon firing comparison?




1. ON A SCALE FROM 1 TO 10, HOW CONFIDENT ARE YOU IN YOUR ABILITY TO
DEAL WITH TIE TODAY'S EXPERIENCES? PLEASE CIRCLE ONE OF THE NUMBERS

BELOW.

1 2 3 4 5 6 7 8 9 10

I I
Not at all ' Extremely
confident confident
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SSE

1. ON A SCALE FROM 1 TO 10, HOW CONFIDENT ARE YOU IN YOUR ABILITY TO
DEAL WITH THE STRESS OF TIE WEAPON FIRING COMPETITION? PLEASE
CIRCLE ONE OF THE NUMBERS BELOW.

1 2 k) 4 5 6 ? 8 9 10
| )

Not at all Extremely

confident confident
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1. ON A SCALE FROM | TO 10, HOW CONFIDENT ARE YOU IN YOUR ABILITY TO
DEAL WITH THE WEAPON FIRING COMPARISON? PLEASE CIRCLE ONE OF THE
NUMBERS BELOW.

1 2 3 4 5 6 7 8 9 10 .
I K
Not at altl : Extremely

confident confident




END-OF-STUDY SURVEY

CIRCLE THE NUMBER THAT CORRESPONDS TO YOUR ANSWER:

1. AT YOUR UNIT, HOW OFTEN DO YOU FIRE A MILITARY RIFLE IN GEMI-AUTOMATIC
MODE? ' )

l 2 3 4 5
ONCE A SEVERAL TIMES ONCE A SEVERAL TIMES ONCE A
WEEK " A MONTH MONTH A YEAR : YEAR

2. AT YOUR UNIT, HOW OFTEN DO YOU FIRE A RIFLE IN BURST OR FULL-AUTOMATIC
MODE? .

! 2 3 4 5
ONCE A SEVERAL TINES ONCE A SEVERAL TIMES ONCE A
WELK A MONTH MONTH A YEAR YEAR

3. UOW EFFECTIVE WAS THE MUZZLE BRAKE INSTALLED ON THE RIFLES USEb IN TUIS
STUDY IN CONTROLLING MUZZLE CLIMB IN BURST -ODE?

| 2 3 4 5 :
NOT AT ALL EXTREMELY
EFFECTIVE FFFECTIVE

4, DID THE MUZZLE BRAKE INSTALLED ON THE RJFLES USED IN THIS STUDY ALTER THE
RIFLES PERFORMANCE?

1 2 3 4 5
SEVERELY DEGRADED NO CHANGE GREATLY ENHANCED
PERFOPMANCE PERFORMANCE

S. WOULD YOU LIKE TO HAVE THE TYPE OF MUZZLF BRAKE USED IN TIIS STUDY
INSTALLED ON YCUR INDIVIDUAL WEAPON?

1 2 k] 4 5
NO MAKES NO YES
DIFFERENCE

6. PLFASE NOTE ANY OTHER COMMENTS ABOUT THE MUZZLE BRAKES, SIGHTS, OR CTHER
RIFLE-RELATED EQUIPMENT:




7. WHICH MODE. 20 YOU THINK IS BETTER TO FIRE: (check one)

SEMI-AUTOMATIC
BURST

8. PLEASE INDICATE HOW STRESSFUL YOU FOUND THE PORTIONS OF THE STUDY LISTED
BELOW Tu BE:

. 1 2 3 4 5
NOT AT ALL HIGHLY
STRESSFUL STRESSFUL .
ZEROING 1 2 3 4 5
FAMILIARLZATION FIRING 1 2 3 4 5
QUESTIONNAIRES 1 2 3 4 5
CATHETER INSERTION 1 2 3 4 5
WEALING CATHETER 1 2 3 4 5
BLOOD SAMPLING 1 2 3 4 5
CATHETER REMOVAL 1 2 3 4 5
RECORD FIRING 1 2 3 4 5
TRAVEL TO/FROM APG 1 2 3 4 5

9. PLEASE NOTE ANY OTHER COMMENTS ABOUT THE STUDY OR ABOUT YOUR TDY AT APG:
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METEOROLOGICAL MEASUREMENTS




METEOROLOGICAL MEASUREMENTS

Temp Wind speed Wind direction Visibility

Date Time {F) {knots) {degreas) {(miles) *.4
09 Mar 88 0900 45 03 230 3
1200 54 09 210 3
1500 59 16G20 200 7
10 Mar 88 0900 45 10619 350 7
1200 49 13621 a4 7
1500 S0 17G25 330 7
11 Mar 88 0900 42 06 340 7
1200 48 07 310 7
1500 52 08 210 7
16 Mar 88 0900 35 13G20 330 7
1200 46 10G24 340 7
1500 45 17G25 340 7
17 Mar 68 0900 37 10G17 330 7
1200 41 14 340 7
1500 48 14G23 330 ?
18 Mar 88 0900 38 03 260 7
1200 42 10 240 7
1500 41 10G17 250 7
22 Mar 88 0900 27 05 020 7
1200 38 06 030 ?
1500 40 05 160 7
23 Mar 88 0900 43 05 200 6
1200 52 10 210 7
1500 57 13G19 190 7
24 Mar 88 0900 58 12 210 6
. 1200 67 10 210 7
1500 72 10G14 190 7
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SCHEDULES
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SCHEDULES

Weekly Schedule for Salvo Straess Study

Bl to Bé

()

FR
IC
OR
RC
8P

Schedule Abbreviations

Blood samples 1 to 4 on baseline day, 1 to 6 on record-fire day

Firing, baseline day

Firing, record-fire day

Insert catheter

Overall rating of events

Remove catheter

Stress perception measures (state)

Monday

0830-1500
1500-1630
1630-1900

Tuesday

0555

0600-0620
0620-0700
0700-0807
0800-1000
1000-1130
1330-1230
1230-1600
1600-1640
1730~-1800

Wednesday

0555

0600-0620
0620-0700
0700-0815
0730-1300
0920-1255
0955-1305
1100-1330
1020-1700
1700-1740
1800-1900

Thuraday

0555

0600-0620
0620-0700
0700-0815
0730-1445
0920-1235
0930-1245
0945-1255
1140-1450
1150-1500
1235-1545

Travel
Inprocess, Briefing, Psychological surveys, 1Ds
Dinner

Bus from billet to dining facility

Breakfast

Bus to range

Psychological surveys

Burst mode instruction

Zeroing weapons (HR)

Lunch

2eroing weapons, Familiarization at 50, 100m
Bus to billet

Dinner

Bus from billet to dining facility
Breakfast

Bus to range

Insert catheters

Baseline blood samples (4 in 2.25 hours) HR
Psychological surveys (10 minutes each)
Remove catheters

Lunch

Familiarization firing at 200, 300m

Bus to billet l
Dinner

Bus from billet to dining facility

Breakfast

Bus to range

Insort catheters

Test blood samples (6 in 4 hr, 3 pre, 3 post) HR

Pre firing psychological survey (10 minutes each) H
Record firing (15 minutes each, 144 targets) ‘
Post firing psychological survey (10 minutes ea.)

Ramove catheters

Lunch

Ending psychological measures (5 minutes each)




ants xa'mx.

1600~1630
1630-1720
1800-1900

OuSubjectrocessing from fisld experiment
Bus to billet
Dinner

Fziday Travel Day

0615
0620-0700
0700-0745
0830~-1200
1200

Bus to dining facility

Breakfast

Clear billet, Bus to range (as needed)
Make up firing (as needed)

Depart APG

le2

Nt

PP S



Baseline Day Schedule (Wednesday)
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$ No.
1120
1125
1130
1135
1140
1148
1150
115S
1200
1205
1210
1218
1220
1225
1230
1238
1240
1245
1250
1255
1300
1305
1310
1318
1320
1325
1330
1335
1340
1345
1350
1355
1400
1405
1410
1415
1420
1425
1430
1435
1440
1445
1450
1455
1500
1505
1510
1815
1520
1525
1530
1535
1540
1545
1550
1555
1600

N

w
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Record-Fire Day Schedule (Thurdsay)

NURSE 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2
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SCENARIC SEQUENCE LISTINGS

Ssquence Pair Selection for Subjects

SECOND
l 1 2 3 4 5 6
i
|
i 1 X 20 22 3 14 29
|
F 2 | 16 X 27 11 17 25
I |
R 3 | 6 13 X 26 18 19
$ |
T 4 |1 9 1 23 X 24 7
!
S | 30 8 28 15 X 2
|
6 | 4 10 21 12 5 b 4
|

FIRST and SECOND rafer respectively to the first and second sequence to
be fired by a subject. For all subjects, odd numbered subjects fired
semjautomatic mode first. while even numbered subjects fired burst mode first.
Each subject was randomnly associated with a random number from 1 to 30, with
each number representing a unique non-repeating pairing of sequences. The
element of the matrix above containing that number was then located, and that
subject was assigned the sequences indicated on the top and left side of the
matrix. The pairings associated with each subject are also given in this
appendix. The sequences themselves were six random sequences of the 36
possible target events. They are listed following the sequence parings.




- —:‘g
: =
Sequence Pairs for 211 Subjects E
L
Pairing Competition subject Control subject [
3 1 21 \ ]
1 2 22 ) R
6 3 <23 ) ]
11 4 24 Ty
25 5 25 : ‘ ]
10 6 26 9
28 7 27 7
16 8 28 3
4 9 29 3
22 10 30
20 11 3 3
26 12 32
24 13 33
5 14 34
18 15 35
23 16 36
13 17 37
21 18 38 ]
15 19 39 ]
8 20 40
2 4 ‘ ]
7 42 :
30 43
14 44
9 45 3
12 46 4
27 47 |
17 48 3
29 49 :
19 50
20 51
22 52 1
3 53
14 54
29 55
16 56
217 57 4
11 58
17 59
25 60 v
3
1
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Sequence 1

Time
Target Number Range up Delay
sequence No. of targets - (meters) (seconds) (seconds)

1 1 200 5.0 3
T 2 3 200 5.0 3
3 2 200 5.0 4
4 K 50 5.0 3
. S 1 100 3.0 3
. 6 1 300 3.0 4
7 3 200 3.0 [
8 2 100 3.0 3
9 1 200 1.8 4
10 3 300 3.0 5
13 3 S0 1.5 3
12 2 50 3.0 5
13 3 300 1.5 3
14 2 200 1.5 s
15 2 200 3.0 [
i 3 200 5.0 5
3 2 300 1.5 4
18 1 200 3.0 3
19 1 300 1.5 4
20 1 300 5.0 4
21 3 200 1.5 3
22 3 100 1.5 4
23 3 50 3.0 5
24 2 300 5.0 S
25 2 100 1.5 4
26 2 S0 1.5 )
27 2 £0 5.0 4
28 2 700 3.0 3
29 1 100 5.0 4
o 1 50 1.5 3
31 1 100 1.5 [3
32 1 S0 5.0 4
33 2 100 5.0 s
34 3 100 5.0 3
35 1 50 3.0 4
36 3 100 3.0 2




Sequence 2

. Time
Target Number Range up Delay
sequence No. of targets (meters) {seconds) (seconds)
1 2 50 5.0 4 -
2 2 200 3.0 L
3 2 300 1.5 4
4 3 50 3.0 5
S 2 200 5.0 4
6 1 200 1.5 4
7 | 50 5.0 4
8 3 200 1.5 3
9 1 100 5.0 4
10 3 100 5.0 3
11 2 50 1.5 5
12 1 200 3.0 3
13 3 300 1.5 3
14 | 300 3.0 4
15 < 100 1.5 4
16 2 300 5.0 S
17 2 300 3.0 3
18 1 100 3.0 3
19 3 300 3.0 5
20 3 2060 3.0 S
21 2 S0 3.0 5
22 2 100 5.0 S
23 2 200 1.5 L]
24 3 50 1.5 3
25 1 50 3.0 4
26 3 50 5.0 3
27 1 200 5.0 3
28 3 100 1.5 4
29 3 100 3.0 3
30 1 300 5.0 4
31 3 300 5.0 5
32 2 100 3.0 S
33 1 300 1.8 4
3¢ 1 100 1.8 )
3s 3 200 5.0 3
36 1 50 1.5 3




Sequence 3

_Time :
Target Number Range up : Delay
sequence No. of targets (meters) {seconds) {seconds)

1 3 300 3.0 $
2 2 200 5.0 4
3 2 300 1.% 4
4 2 200 3.0 -]
5 3 50 1.5 3
6 1 300 $.0 4
7 2 50 3.0 S k
8 3 300 1.5 3
9 1 200 5.0 3
10 1 300 1.5 4
11 3 200 3.0 5
12 3 100 5.0 3
13 1 50 1.5 3
14 1 100 1.5 S
15 3 100 1.5 4
14 1 200 3.0 3
17 2 300 3.0 3
18 3 200 1.5 3
19 b 50 3.0 4
20 1 50 5.0 4
21 2 100 1.5 4
22 1 200 1.5 4
23 2 £14 1.5 5
24 3 300 5.0 $ :
25 1 100 5.0 4
26 3 50 3.0 S
27 3 100 3.0 3
28 3 200 $.0 3
29 1 300 3.0 4
30 3 $9 5.0 3
a1 2 100 5.0 S
32 b 100 3.0 3
33 2 200 1.5 S
34 2 S50 5.0 4
a5 2 100 3.0 S
36 2 300 5.0 S
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Sequence 4

Target Number Range up Delay B
sequence No. of targets {meters) (seconds) (seconds) -
1 3 300 $.0 5
.2 3 50 $.0 3 i L
3 1 100 3.0 3 N
4 1 50 1.5 3
5 1 200 1.5 4
€ 3 SO 3.0 3
7 3 300 1.5 3
8 3 200 1.5 3
9 1 200 S.0 3
10 1 100 1.5 S
11 3 200 3.0 5
12 2 200 1.5 S
13 1 300 3.0 4
14 1 200 3.0 3
15 1 300 5.0 4
16 2 100 1.5 4
17 3 100 1.8 4
18 3 200 5.0 3
19 3 o0 3.0 -}
20 3 50 1.5 3
21 2 100 5.0 S
22 2 100 3.0 S
23 2 200 3.0 S
24 2 S0 $.0 4
25 2 200 5.0 4
26 2 300 $.0 L)
27 2 300 1.5 4
28 1 $0 $.0 4
29 1 100 5.0 4
30 3 100 $.0 3
kbl 1 300 1.8 4
32 2 50 1.9 5
33 2 300 3.0 3
34 1 50 3.0 4
35 2 100 3.0 3 1
36 2 S0 3.0 5 :

[
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Sequence $

Target Number Range up Dealay
sequence No. of targets {meters) (seconds) {seconds)
1 3 100 ..5.0 3 B
- 2 3 o300 1.8 3. .
3 "2 © 100 3.0 S
4 2 300 3.0 ‘3
N L} 3 200 1.5 3
6 2 300 1.5 4
7 1 100 5.0 4
8 2 100 5.0 S
9 1 50 1.5 3
10 1 100 1.5 5
11 2 200 3.0 S
12 1 100 3.0 3
13 1 200 1.8 4
14 3 50 1.5 3
15 2 200 5.0 4
16 3 100 3.0 3
17 3 200 3.0 5
18 2 300 5.0 5
19 3 100 1.5 4
20 1 300 5.0 4
21 3 200 5.0 3
22 2 S0 1.5 S
23 1 300 1.5 4
24 3 300 3.0 5
25 1 50 3.0 4
26 2 100 1.5 5
27 1 300 3.0 4
28 3 50 3.0 S
29 2 50 3.0 S
30 3 300 5.0 5
3 1 200 3.0 3
32 2 50 5.0 4
33 1 €1 5.0 4
k7 | 1 200 $.0 3 |
35 2 200 1.5 5 i
36 3 50 5.0 3
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Sequence 6

Time .
Target ‘Number Range T up Delay
sequence No. of targets (meters) (seconds) (seconds)
1 1 - .200 3.0 3
2 3 - 50 5.0 3
3 B § 100 1.5 S
4 2 - 50 3.0 8
S 1 200 5.0 3
6 2 100 1.5 4
7 3 300 1.5 3
8 3 200 1.5 3
9 1 50 1.5 3
10 1 200 1.5 4
11 1 100 5.0 4
12 3 100 5.0 3
13 2 300 5.0 L
14 2 300 1.5 4
15 2 100 5.0 S
16 3 200 3.0 L)
17 2 100 3.0 S
18 3 50 3.0 5
19 3 100 1.5 4
20 3 200 5.0 3
21 1 S50 5.0 4
22 1 300 1.8 4
23 2 S0 1.5 S
24 2 200 1.5 5
25 1 100 3.0 3
26 k] 50 1.5 3
27 2 200 3.0 5
26 1 300 3.0 4
29 1 S0 3.0 4
30 2 200 5.0 4
kY 2 50 5.0 4
32 3 300 5.0 S
33 1 300 5.0 4
34 3 300 3.0 5
3s 3 100 3.0 3
36 2 300 .0 3

198

P p : DA



APPENDIX I

PLAQUE
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AWARDED FOR MARKSMANSHIP EXCELLENCE IN COMPETITION
BETWEEN SOLDIERS OF THE 82ND AIRBORNE DIVISION
AND THE 101ST AIRBORNE DIVISION (AIR ASSAULT)
DURING EVALUATION OF SOLDIER PERFORMANCE USING
ADVANCED M-16 RIFLE DESIGNS AND FIRING TECHNIQUES.

THIS AWARD IS MADE BY THE DIRECTOR,
US ARMY HUMAN ENGINEERING LABORATORY,
ABERDEEN PROVING GROUND, MARYLAND.

MARCH 1988
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